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Tke content of this book ia indicated by its title, BACTERI- 
OLOGY— A TEXTBOOK OF MICROORGANISMS. Even 
thougli it is intended only for those who are studying microbiology 
for the first time, it is not elementary in nature. The authors 
have attempted to allow the student to build his structure on a 
broad biological basis and to consider only fundamental principles 
and facts. Consequently, no attempt has been made to present a 
“ treatise " for u.se by embryo bactcriologbts. Many such books 
arc available for students who have laid a firm foundation in 
biology and bacteriology. 

The book ia the result of thirty years’ active association wth 
students in various curricula. Pathogenic bacteria in relation to 
disease are discussed only as far as U necessary to round out a gen- 
eral course in bacteriology The tendency to overeraphosiso these 
types of microorganisms in the first course in microbiology is 
too common. 

Fbed W. Tanotr 

Fred W. Tanner, Jr. 

October 19i7 
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CHAPTER 1 


HISTORY AND DEVELOPMENT OF EARLY 
THEORIES 

It is not always easy or necessary to determine just when a 
science started In most sciences a sort of nebulous period existed 
during which new observations were being made and proved by 
further experiments and observations This situation is espe- 
cially true for bacteriology because for some time it was a part 
of other well-established sciences. It should not be considered 
to be a separate science today because it is a part of the broader 
field of biology. Development of bacteriology as no know it 
today was slow m its early stages Statements appeared in the 
writings of early biologists that some of the phenomena which they 
were obser\’ing might be due to smaller organisms than could bo 
seen with the eye. Much evidence pointed to tins fact. These 
early statements lacked experimental proof and were little more 
than prophesies. Although they lacked this experimental proof, 
some of them turned out to be surprisingly accurate and were 
later firmly established by results of study in the laboratory. 

Although for the roost part the historical development of 
sciences may be considered to be tiresome by those who are just 
beginning to study .them, the situation is different for bacteriology. 
More interesting ventures m reading cannot bo found. Early 
bacteriology was involved m diseases of man and animals. 
Problems such as v iiy sugar solutions decomposed, how vinegar 
could be made from fruit juices, why foods spoiled and frequently 
made man sick are a few of the subjects considered in a course 
in bacteriology. 

Leeuwenhoek (1632-1723). Anthony Leeuwenhoek, a Dutch 
Imcn draper and later government officer in Delft, Holland, did 
much to establish the science of microscopy Bccau'c of the funda- 
mental nature of his investigations he had a part in starting some 
of the other biological sciences as well, for, by careful obsciwa- 
tions and experiments with crude apparatus, lie gatlicrcd much 
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for fine gem cutting was not necessarily valid, for some persons 
are endowed with greater visual powers than others. He also 
pointed out that no Greek or Roman writer mentioned their use. 
Some early Greek physicians stated that myopia was incurable; 
such statements appeared even toward the end of the 13th century. 
If the rock crystal mentioned previously was used as a lens, it 
would place an earlier date for the beginning of the science of 
optics. 

Roger Bacon (1214-1294). Bacon, a Franciscan monk, published several 
works of interest to students of sacnce He la gn cn credit for developing 
the first Convergent lens and, therefore, the first simple microscope. Bacon 
is probably the founder of the science of optics. He emphasized what 
phdosophera of his day ignored, that only by experiment u real progress 
made in science. 

Although Bacon appreciaUd the necessity of experimentation, it was not 
until a few centuries later, when such men as Newton, Harvey, and Galileo 
worked, that experimental method was finally used for seeking truth. 
Previous to this time scientists were content with discussing the wntinp of 
Aristotle nod other early writers Anyone who di«3gTeed with these "author- 
ities” was regarded as revolutionary and not to be trusted. Such is the 
situation with many later scientists such as Harvey, Jenner, and even 
Pasteur, 

About the year 1300 spectacles were introduced by Salvino 
d’Amato degli Arroati of Florence and Allesandro de Spina of 
Pisa. Some historians give Bacon credit for introduction of 
spectacles. According to Carpenter, a manuscript from Florence 
dated 1299 has this statement: 

1 find myself so pressed by age that I can neither read nor write without 
those glasses they call spectacles, lately invented to the great advantage of 
poor old men when their sight grows weak. 

In the I6th century the lens was adapted to the study of many 
natural phenomena. We shall not attempt a complete review of 
those who were concerned with the development of the micro- 
scope but will single out several of the more important workers. 

Some of the early work was done with the simple microscope, 
a natural development of the lens The early instruments of this 
type consisted of a tube of opaque material with the lens m one 
end and in the other a flat glass plate on which the object was 
placed. Such an instrument used by Kirchcr is shown in Fig. I. 

Galileo (1664-1642). Much evidence piants to Galileo as the discoverer 
of the compound microscope He axinoimced that hU "occhiale made flics 
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foregoing. In 1G73 thii pioneer m microscopy began to send papers for 
publication to the Royal Society of I^ondon In contrast with Hooke and 
others Leeuwenhoek was not a umvcisity-irained scientist Locy has given 
a fine description of this eatbasmtic pioneer in microscopj' It seems that 
microscopy was somewhat of a hobby with him, since he held a minor court 
position for a livelihood. Nearly all of Leeuwenhoek's leases were simple 
ones ground by himself. Locy stated that he possessed not less than 217 



Fio. 2 Hooke's Compound Microscope {After iSinyer, 1914) 


complete microscopes and 419 lenses which were used m hia investigations 
One of hia microscopes is in the posscRuon of the Unnernty of Utrecht 
Leeuwenhoek was not a sj-stcmatie investigator, and coa^cquently his 
interests were quite diverse 

Malpighi (162ft-1694). Marcello Malpighi had a part in founding the 
science of microscopy For him, also, the microscope was a hobby , be was 
among the first to study animal and \egetablc materials In IGdl he viewed 
for the first time circulation of the blood capillaries. Later he studied the 
structure of animal lissurs and, like I^ccuwrnhock, publi«hcd his results in 
the Proceedings of the Royal Society of London He should be better 
known as a pioneer micro^copist 

The Electron Microscope. Althouph preat progress lias been 
made with optica! microscopes since the days of ^fn!piph^, 
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or about 50 billionths of an inch can be distinguished. This means 
that 50,000 distinct particles could be recognized in a distance the 



I’la 0. The RCA Electron Microscope {Type B) 


width of a hair Such high resolving power will require much 
study by scientists before it can be applied to solution of various 
technical problems. 

SPONTANEOUS GENERATION 
BIOGENESIS VEItSVS ABIOGENESIS 
Early biologists resorted to the explanation of “spontaneous 
generation” to explain the origin of life where definite methods 
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of reproduction were unknown. Aristotle was one of the first to 
expound authoritatively on the subject although there is evidence 
that the explanation had been used before. The ancient Greeks 
believed that life originated spontaneously, for did not flies and 
frogs come from mud and maggots develop from putrefying meat? 
This was disproved by Rcdi in 1CG8 No maggots developed 
when meat was protected from flies by screens. Anaximander 



Fio 7. Apparatus Used by Schulze (1830) to Show that Microorganisms 
Are Necessary for Decomposition of Organic Matter. 

The tlaik eontsininn s intueion ••• et«rilit«d by boiliriit oo e easd beih The 

lorption bulbe. one eonteimnit «one*ntte«*d eultune stid end the other potewium hydroxide, 
«ere eonneeted ehile eteam laetiiiui lr«m ibe delivery tube* This epperetue «u pUeed 
on ft window eiU for ftbout 3 months Sehuire spplied hie mooth to the polssh bulb end drew 
•ir throufth the Itesk The enntente did not epoil beeeuse micronrgasiemi had been kept out 
The eontenta of the eontrol fiaek spoiled because tnKrooriratuems were sUowed to eater in air 

stated that animals developed from moisture. As late as 1652 
van Hclmont, the chemist, supported the theory by stating that 
mice developed from old rags. 

The theory of spontaneous generation (abiogencsis) is the result 
of improperly controlled experiments and faulty logic. Although 
it dcvclopctl slovily, many years were required to overthrow it, 
during which time much experimentation and bitter debate 
occurred. The discrediting of this theory was accomplished 
when Pasteur proved that fermentation was a biological phe- 
nomenon and not a mechanical one Strange as it may seem, 
the early investigators who founded this theory arrived at it 
through attempts to preserve foods or find the real cause of 
fermentation It was indeed an important topic for discussion 
and a fundamental one as well, the solution of which was neces- 
sary before other questions could lie answered Only a few of 
those who played major roles m the controversy need be men- 



JO HISTOHY AND DEVELOPMENT OP EARLY THEORIES 

tioned here. Readers who desire more detailed information may 
consult the excellent discussion by Bulloch.* 

Needham {1713-1781), a Roman Catholic clergyman in 
England, was perhaps the first to offer experimental data to 6up« 
port the theory of spontaneous generation. He boiled meat and 
meat juice in corked flasks which were stored for further observa- 
tion. When their contents spoiled, he said that life had developed 



Fio 8. Scbwaon'a Apparatus for Disproving the Theory of Spontaneous 
Generation. {Afler LoeJ}ltr) 

Ae«rrduiS to Sobvaon** teebsue 00I7 aiwbytd eir could enter tbe Sub containing the 2wtre»- 
ctblc eubelnoec. Tbe lOTuafoB renuuned »ienl« tor wftk 9 beecuw ateroorgaaifata eouJd sM 
enter At tbe end ot ibe npenment putrefaction oecurred niter the eyatem yrw opened so 
thnt nueroorgnueiss could enter. Ochwenn abotred, in this menner, that some seeni io w 
nod not the ur {teeif mw responsible lor decompositioo 

spontaneously. He believed that boiling bad destroyed all of the 
‘'eggs” in the meat juice. Of course he was wrong in this 
assumption; boiling had not done this. 

Spallanzani,® one of the most interesting workers of these early 
days, took issue with Needham. Spallanzani stated that the 
contents of Needham’s bottles had spoiled because he had allowed 
air which had not been exposed to fire (sterilized) to enter. 
Spallanzani’s opponents claimed that heating air made it unsuit- 
able for grondh of microoigamsms; they said that his conclusions 
also, were influenced by questionable technic. Spallanzani 
< W. Bulloch, History of Bacteriology, Chap. 1, m a System of Bacteri- 
ology ia Relation to Medicine, Vol 1. 

® J. B Hamilton, The Shadowed Side of Spallanzani, Vale J Biol, Med, 

7 ( 1931 ). 151 - 79 - 
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answered these arguments by showing that no growth resulted 
when air sterilized by other methods was admitted. Similar 
results were also reported by Schulze, who carried out an experi- 
ment much like Schwann’s; a solution capable of fermentation 
with yeast did not ferment after thorough heating or exposure to 
air which had been thoroughly heated. Schwann stated that 
fermentation was arrested by any factor, such as heat or potas- 
sium arsenate, which killed fim^. Because of this statement, 



Fio. 9 . Appiratua of Schrader and Puscb for ExpeHmenUi oo Bpostaseous 
Generation. 

With thif •pptfalui 8cbr04«r •od DumI> ahoited tbst tbe la atr wbitb eau»«d vrte* 

tabu inluaioM to ipoil eoutd b« i<mo««d by paaaiDK tbe av throuBb ootton. Tb« eotton 
RtMncd tb« e«»ota «hi«h cauved decompoutioo loJoMoaa ezpoied \o unfiltered air ipoQed. 


some have said that Schwann was the founder of the science of 
disinfection. Schroder and Dusch showed that heating removed 
from the air “sonjetbing” that would permit growth of micro- 
organisms, They could not decide whether this agent was itself 
a living organism or a chemical substance modified by heat. 
Lamarck, the renowned biologist, believed that simple organisms 
developed by spontaneous generation and that progressive 
increase in complexity from the simplest forms up to man 
occurred. Little progress was made in discrediting this theory 
until the microscope was perfccteil to the point where it was no 
longer a curiosity but a useful instrument in biology. With 
its introduction started the rapid downfall of the theory of 
abiogcncsis. 

Pasteur finally dealt the theorj' of spontaneous generation a 
deathblow, lie introduccil a fermentable liquid into a flask after 
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knew how to maintain them, he did not know just what was 
going on. Explanation of the process was not attempted until 
about 1697 when Stahl* proposed the hypothesis w’hich Liebig 
later attempted to prove. Stahl suggested that fermentation 
resulted from, or was, a shattering of molecules due to some 
force set up on them or m the medium about' them. This 
was transferred to other molecules. Finally, parts of the mole- 
cules w’cre forced out of the liquid. The difficult part of this 
theory is to tell ]U3t how the phenomenon started. Such a con- 
ception seems out of tunc wuth the general manner in w’hich 
phenomena in nature occur. Fabroni was one of the first investi- 
gators to suggest that some form of life w'as concerned when sugar 
solutions were fermented- He noticed that deposits in many 
fermenting solutions were composed of cells of albuminoid nature. 
This seems to be one of the first observations on that interesting 
and wonderful yeast cell. Thcnard^ did not accept Fobroni's 
report. 

In 1810 Appert* reported results of investigations in food 
preservation which bear directly on tins quc'*tion In response 
to an offer of 20,000 francs by the French Government for a 
method of preserving foods, he founded the modern canning indus- 
try by placing various foods m sealed containers which were after- 
ward heated in boilmg water Appert did not attempt to explain 
the reasons why the food kept, but others w’ho had given more 
attention to the phenomenon of fermentation did. Appointed by 
the Government to inquire into these reasons, Gay-Lussac® stated 
that air was necessary for fermentation and spoilage of food 
preserved by Appert’s method As long as air was excluded 
decomposition was impossible. He opened a bottle of grape juice 
in such a manner that part of it was collected over mercury 
away from air and the other part in the presence of air. The 
latter portion fermented It was, perhaps, logical that air should 

®G E. Stahl, Zymotpchnit fundementak', 1731. 

rj, J Thcnnrd, Mcmojrc Pur la frrmcnlaliQii Mticit'c, Ann. chjm p/iyr, 
46 (IRCO), 201-320 

Appert, The Book for All llou-ehohk or The Art of Pre'crvinR 
Animal and Yec<l.al>!e Siibftanrcs for Msq> Years, translated bj K (1 
Bittinp, M S , Gla«3 Ctinlamer Asfwiation of America, Chicaeo, III Anmi-'l 
1920, 

J Gay-I.u-vMC. Eatrait d*un mfmotre #ur la fermcnlalion. .tiiti r/um 
phvs.m (isio), 213-50 
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Pasteur” stated that this was not a tenable explanation of the 
forces which caused fermentation; he said fermentation was a 
biological process brought about by yeast. He published several 
papers about 1860, all of which dealt with the relation of micro- 
organisms to fermentation.” Pasteur noticed such compounds as 
amyl alcohol among the products of fermentation ” He found 
it difEcult to explain their presence according to Liebig's theory. 
The structure of amyl alcohol was too different from that of 
sugar for it to be considered an integral part of the sugar molecule. 
The details of the controversy are too many to review in this book. 
The necessity of living cells in fermentation is now accepted. 

After the germ theory of fermentation had been established, 
further experiments were carried out to explain its finer points. 
Traube” made one of the first contributions to the subject by 
proposing the existence of enzymes. He tried to reconcile oppos- 
ing views of Pasteur and Liebig. It became apparent that 
definite agents which could cause fermentation, now known as 
enzymes, existed in cells. This was finally confirmed by 
Buchner's work on zymase in 1897. In support of Traube's 
papers appeared those of Berthelot” who isolated the enzyme 
invertasc. The work of Traubc stimulated a long line of investi- 
gation. Llidersdorf” tried to find on explanation by testing 
the fermenting ability of ground yeast cells. No fermentation 
resulted. After this, investigators Moyer,** Niigch, and others 
added to the information of the day. 

The question of tiic presence of enzymes in yeast capable of 
inducing alcoholic fermentation was finally settled by Buchner** 

19 L Pasteur, M^moire cur la femientabon appelce lactique, Compt 
rend, 45 (1857), 913-16 

1^ L Pasteur, M^moirc sur la fermentatioa alcoohque, Ann. chim phf/s , 
68 (ISCO), 323-426. 

i*L Pasteur, Mfnioire eur la fermentation lactique, Ann. ehtm. phpi, 
62 (1S5S), 401. 

Traubc, Thcone der Fcrracntwirkungen, Dummlcrt Vcrfapsbuch 
(1S5S). 119 

M. Berthclot, Sur la PcrmcnUtion alcoolique, Compt. rend., 44 (1857). 

Ludersdorf, Uber die Matur der Hcfe, Ann PApstl:, 76 (1810), 

408-11 

21 A Mayer, I.chrbuch der GaninRschemic,3 Aufgabe, Carl Winters, Univ 
Iluchh, Ilcidolbc^, 1879 C Nogrii, Theone dor Glruni;. Munchen, 1879 

22 E Buchner, AILoholiscbc Ganing ohne Ilcfczellcn, J3cr. SO (1897), 
117-121. 
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soon brought other workers to his laboratory, all of whom became well 
known for discovencs in the etiology of disease Besides the discoveries m 
this field, be was also interested in stenlixation, disinfection, media, and 
staining, subjects which had to be studied before progress could be made 
in the field of applied bacteriology. One of the first things for which we 
may remember Koch was his introduction of liquefiable solid media into 
bacteriological technic. After de\eIopmcnt of such media, it became possi- 
ble to isolate bacteria m pure cultures with greater certainty, making 
progress in medical bacteriology more rapid. Dilution in liquid media had 



Louis Pasteur, 1822-1895 


Robert Koch, 1843-1910. 


Pin 11. Two Famous Early Bacteriologists. 


been u'ed up to this time, with results that were somenhat uncertain. 
Books of the present day show Ihe impctas which was given to studies in 
the cauics of di«ease, for withm se\cn years after this important advance 
in technic the ctiologj’ of many of our common diseases was soI\cd Some 
of these were investigated in Koch's laboratozy Koch aLo gave us what 
are termed Koch's pofitufates They ore di«cusiicd elsewhere m this book. 

Koch 13 abo known a* the dteoverer,-® in 18S2, of Mucobaclenum tuber- 
culotis lie described the preparation of tuberculin and bclic\ed that it 
would prc\ ent tuberculosis. The paper m which this discoverj’ wa.s reported 
has been translated and printed m the English language Ilia other inter- 
ests and contributiom were 

ISTG, fir't report on the eliolog>' of anthrax 

R Koch. Die Actiologic der Tubcrkulose, Berliner Klin, Jroefuchr,, 29 
(IS^). 221 Abo trinsUteil the Etioloio’ of Tubcrciiloi'is, by Robert 
Koch, publi.''hed by National Tuberculosis Association, New York, 1932 
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virulence Later in a public demonstration he shoned that he could protect 
sheep from anthrax by vaccination The account of this m Pasteur’s 
biographies is stimulating and dearly illi^trates Pasteur’s method of bring- 
ing controversies to a head In numerous instances he offered to resort to 
demonstration to convince others of his discoveries 

To a student in the sciences Pasteur is a wholesome example^! He was 
a loyal son of France, and every discovery which he announced was looked 
upon as being done for “beloved France ” He was profoundly religious and 
a true gentleman. Despite the fact that today he is revered in all lands as 
one of the greatest benefactors of the human race, and that he received the 
highest honors before his death, Pasteur had to defend many of his discov- 
eries in controversies which became very bitter Many of these heated 
arguments occurred before the Academy of Sciences where were gathered 
the most eminent men in France One can understand the antagomsm and 
criticism that might come from foreign countries, and how Pasteur would 
feel, but It IS more difficult to understand that which came from colleagues 
m France. 

Elie Metchnikofi (1645-1916). Metchmkoff was born in Russia and 
educated for life work in biology One of his first contributions to biological 
literature was la 1865. After working m general biology for years, he 
became interested m pathology. Study m this field soon Jed him to pro- 
pound what is spoken of today as his "theory of immunity,” which is 
discussed later in this book According to tbis theory, the white blood cells 
(.pkaijocytcs) defend the body against inv*ading bacteria Having proposed 
the theory, MetchnikoH had to spend considerable time in his later years 
defending it. He was connected for a time with a municipal bacteriological 
laboratory at Odessa Conditions soon became so unfavorable that he 
looked for a new location where his researches could be continued in a more 
peaceful environment Since Emmerich had attacked hta theory of phago- 
cytosis, Metchnikofi visited him at Munich but naturally decided not to 
locate there. He went on to Paris to iisil the great Pasteur where he found 
a courteous and cordial reception. He requested permission of Pasteur to 
work in a honorary capacity in his laboratory; Pasteur’s cordial welcome 
made a great impression on him and probably was the mam factor in 
Metchnikofl'a dcei-ion to settle in Pans On his way back to Odessa from 
Pans, Metchnikofi called on Robert Koch to show him some specimens of 
phagocytosis. Koch ga> e him an indifferent reception and refused to accept 
his theory of immunity In I8SS Metchmkoff arrned in Paris, where he 
spent the remainder of his life 

Bc::idcs his tlicoo' of immunity, he is known for his % iews on some of the 
causes of premature death Knowing that one common «Ju«easc of old age is 
hardening of the arteries ('irtcncxclero'i.s), Metchnikofi tried to reason its 
cause He finally concluded that it was due to ab.'orption of toxic products 
from protein metabolism in the intealincs, a phenomenon which has become 
known as autointoxication. One way to stop this undesirable tram of 
events, according to Mctchnikoff, was to reduce intestinal putrefaction, he 
propctfcd ingeslion of fermented milks for this purpose Metchnikofi died 
ID 1916, his lost years being somewhat unhappy ones. He was dcprcnsei! by 
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able sue and accompanied by great bruismg and great effusion of blood 
into the substance of the limb, causing great swelling Though hardly 
expecting success I tned the application of carbolic acid to the wound to 
prevent decomposition of the blood and eo avoid the fearful mischief of 
suppuration throughout the hmb. 

"Well, it 13 now eight da>s since the accident, and the patient has been 
going on exactly as if there were no external wound— that w, as if the 
fracture were a simple one His appetite, sleep, etc , good, and the limb 
daily diminishing in sue, while there is ao appearance whatever of any 
matter forming. Thus a most dangerous accident seems to have been 
entirely depn\ cd of its dangerous clement " 

War surgery before 1850 was also m a tcmble state. Many know of the 
incident m which Parc, when the Duke of Guise was struck with an arrow 
which buried its head in his face, put his foot on the subject’s face and by 
sheer force putled out the arrow. That was surgery m those days Wounds 
were expected to foster and become putrid; the surgery of the day was 
mostly concerned with external injuries, etc Very few attempts were made 
to explore the larger cavities of the body or to perferm operations on the 
internal organs With introduction of chloroform in 1S50, operations 
increased, and consequently deaths from surgical fever also increased. One 
lay writer discussed the situation os follows 
"No newspaper would print a faithful description of the surgical wards 
of the pre-Listenan era. Ilomble as the subject i«, it n necessary to 
mention it m order to understand the true proportions of Lord Lister’s 
achievement. What the modem surgeon calls a clean and sweet wound 
was all but unknown From any wound, whether surgical or accidental, 
there was almost invariably a du-wharge of decomposing matter that fre- 
quently lod on to gangrene and death. Dccausc such conditions developed 
only where blood and ttvue were exposed to the air, it was assumed that 
they were due to a contagion in the air, that the patients in a surgical ward 
poisoned not only each other but also the very rooms m which they lay. 
It was seriously propo«cd at one tunc that the ha-pitals of the future should 
be cheap and temporary buildings which couhl bo burned down a? soon as 
the inmates had saturated them with poison 

"This was the stale of (he surgical waiafs, uot a few centuries ago, but 
as recently as the early ISGO's, when Li'tcr first heard of Pasteur's great 
discovery that putrefaction was not due to contact with the air itself but 
to minute living organyms somewhat aagucly described as 'germs ' ’’ 

Before leaiing the work of Li-tcr, Scmmclwcis (lS18-I8t>3), who studied 
the cau'cs of puerperal fe\cr, should at leajst be mentioned He ii-ierl dis- 
infectants in childbirth with satisfactory results lie preceded Lister by 
about 20 years 

Calmette (1863-1933). Albert Calmette, a gre.at Prench bacteriologist,-^ 
was director of the P.vteur Institute at I.iUc during the first IVorld War and 
later subdircetor of the Pasteur In-litute at P.uis Among In* contributions 

•t N Bernard and I. Kcgre, .Mberl Calmette, sa tie, son oeuvre ecirnti- 
fique, Masson ct Cio., Paris, 1910. 
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necessary to treat water and sewage. Research institutions also, 
had to be founded where information could be collected on water 
and sewage treatment. Among the several institutions of this 
nature are the Lawrence Experiment Station at Lawrence, Mass.; 
the Illinois State Water Survey at Urbana, 111., and the research 
laboratories of the Metropolitan Water Board, at London, 
England. Every intelligent citizen should be interested in the 
source of water and methods of sewage disposal for the com- 
munity in which he lives. 

The American Public Health Association has done much to 
stimulate study of methods for examination of water and sewage. 
Through some of its committees, this association has published 
"Standard Methods for the Examination of Water and Sewage,” 
a revision of which appears about every 5 years. 

Mosei. The first eaaitary code was established by the aacient Rebtewe 
M outlined today m the books of Leviticus and Deuteronomy. The high 
priests served as health officers and sanitary inspectors. Moses may, there- 
fore, be considered to be pioneer, indeed, m sanitation, ns anyone will admit 
who reads certain chapters in early books of the Bible. He gavo adequate 
advice on camp wastes. Leprosy was such a scourge among these ancient 
peoples that special attention nas given to methods nhich would prevent it. 
Those who were infected with it were quarantined, and the hoaxes in which 
they lived were either destroyed or thoroughly cleaned Mo.ees also gave 
strict orders about touching unclean objects and eating unclean foods, 
especially unclean meats Especially interesting in these days of fungus 
infections such as “athlete’s foot” were his mandates on preventing the 
spread of ringworm, 

Pettenkofer (ISIS-IHOI). Max xon Pettenkofer, trained under Liebig, 
was a professor of chemistry at the University of Munich. Do is known today 
for eovcral tests in biological cbemistrj-. Ho did much to found the art of 
public hygiene and preached the gospel of water treatment, waste and 
sewage disposal, and ventilation. He had much to do with investigations 
of the cause of cholera in Hamburg nod Altoona in 1SS2-3 and became thus 
one of the early epidemiologists. 

Gorgas (1854-1920). William C Gorgas is known today for his work in 
sanitation in Panama. It was this work which made the conHniction of the 
Panama Canal by the United States possible The I'lhmua of Panama had 
been such a hotbed of yellow fescr that the French engineers had given up 
construction of a canal years before. Gorgas realized that, before the great 
engineering problems could be sohed, the yellow-fever mosquito must bo 
conquered In fiie years he lowered the death rate from yellow fever from 
BOOO to 19 During the first World War he served in»pcctor of hospitals 
and sanitarj' conditions in the United States Army camps in France 

E. E. Hume, Max von Pettenkofer, Paul B. Ileobcr, New York, 1927. 
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beings and has been fought by eradication programs and by 
pasteurization of miik. Other diseases of cattJe have now become 
problems, important among which are undulant fever and mastitis. 

IMMUNITY AND SEROLOGY 

Immunity and serology is another field of knowledge which has 
been developed largely by bacteriologists. Immunity is the term 
used to express exemption from diseases which certain individuals 
possess. The term is of broad import. In the type of special 
interest to bacteriologists andirninunologists, the tissues and blood 
of the immune individual contain special agents called immune 
bodies, or antibodies, which destroy invading bacteria and, m 
some cases like diphtheria and tetanus, neutralize the toxins 
which they form. Serology is that branch of science which con- 
cerns sera, and especially so-called immune sero which arc impor- 
tant in immunity. This branch of microbiolog>’ concerns the 
manufacture and use of vaccines, bacterins, antitoxins, and other 
preparations which are used to diagnose and to prevent and treat 
microbial diseases. Immunity and serology have been brought 
to their present position by the investigations of many bacteri- 
ologists among whom arc Pasteur, Roux, Bordet, and Wells. 

AGRICULTURAL BACTERIOLOGY 

The intelligent farmer today is one who controls bacterial 
development, he prevents development of certain species under 
certain conditions and favors the development of others under 
other conditions. Centuries before it was knowm that hosts of 
minute microorganisms were active in soil, early farmers learned 
that certain practices gave greater crop yields. Today knowl- 
edge of tlic activity of bacteria explains them. One of the most 
important sections of agricultural bactcriologj* is that dealing 
w-ith soil microbiology and soil fertility. 

Soil Microbiology. Early knowledge on this subject was 
empirical and lacking in satisfactory explanation Plinius” 
observed that greater crop yields were secured from plots on i\!ncli 
legumes had been cultivated. Mention is made in Marshall’s 
“Microbiology’’ of Columella’s statement that Roman farmers 
knew of the benefits resulting from plowing under legume* to 
Plinia*, Ilnlorn Nnlnralu*, BooV 8. 
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Some of his early m^estigatjons were earned out with collaboration of 
Omelianski, another well-known ^ncultural bacteriologist. After the 
Russian Revolution following the first World War, Winogradsky moved to 
France to become director of the Division of Agricultural Microbiology of 
the Pasteur Institute in Paris His work is earned on at a farm at Brie- 
Comte-Rovert, France. Win(^rad«k3’ is one of the great men in agricultural 
bacteriology. 

Beijerinck (1651-1931). Martinus Willem Beijennck was a Dutch micro- 
biologist whose name is great in kterature and research He was bom in 
Amsterdam, the son of a tobacconist. He graduated from the Polytechnic 



Fia. 13. Mariinus Willem Beijerinck. 


Institute at Delft as a eheraica! engineer and the next year accepted a post 
as lecturer on botany, physiology, and pbjncs m the Agricultural School at 
Wasfflum. He took his doctor’s degree m 1877 from the University of 
Leyden, his thesis being on the morphology of plant galls He then went 
to Delft to work for a fermentation concern la 1693 he became professor 
of bacteriologj' and in 1S95 of microbiologj- at the Technische Hoogeschool 
in Delft where he spent the neat 31 years of his life What a place Delft 
has in the history of microbiology with such names as Leeuwenhoek, 
Beijerinck, and Kluyver of today! Degcrtnck had many interests in 
microbiology. He was the first to cultivate Daallua radtekoh from root 
nodules of legumes and to discover and prove existence of viruses from 
blight of the tobacco plant. Beijennck died in 1931, an honored and 
respected investigator 

Dairy Bacteriology. This division of the science is concerned 
with the relation of bacteria to milk and other dairy products. U 



WM^tm 

“slppV^s .nd d«ty 



ry 

jdactio^ 
WesVeya^,.- 
, Wi\bur Obn 


AGRICOLTURAL BACTERIOLOGY 


29 


nitrogen symbioticalb’. In the field of dairy bacteriologj', Conn studied the 
influence of microorganisms on fla\'or of dairy products In his later years 
he was director of the laboratories of the Connecticut State Board of Health 

Plant Pathology. Plants like other living things are subject 
to infection by bacteria. Burrill established the relation of bac- 
teria to plant diseases when in 1878 he stated that Erwinta 
amylovora was the cause of pear blight. Healthy trees, when 
inoculated with the material from diseased trees, were blighted 
This work founded what we know' today as plant pathology and 
was one of the first real attempts to relate bacteria to plant 
diseases. Since that time progress has been rapid, and this phase 
of the science has become an important one. 

Burrill (1839-1916). Thomas Jonathan Burrill was an eminent American 
botanist, mycologist, and bacteriologist He started his work in bacteriology 
at a time when everything was to be done and methods and apparatus were 



Fia. 15 Thomas Jonathan Buirill — Botanist and 
Plant PalholopsU 

not developed ns thej* are today. He is best known for di'coi cry of the first 
bacterial disease of planU-Jilight of the prar tree Ho isolitcd the causal 
organisms to which he gave the name .Wicrococcus amuhiorut, hter changed 
to Erwma amyloiora He was able to reproduce the di«ea«e when this 
organism iias placed on healthy etock. Bumll was a great teacher antf lives 
on in the hearts of many etudents who attended tlic Uniicrsity of Illinois. 
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Scope of Hicrobiologyv The term microbiology in the broad 
sense includes the study of all microorganisms such as bacteria, 
yeasts, molds, and algae. A microbiologist, then, is an individual 
who studies such microorganisms. Bacteriology is the study of 
bacteria, and a bacteriologist, therefore, would be one who studies 
bacteria. Giltner proposed the term “microbology” as a term 
"relating to the biology of the small forms of life ” This proposal 
has considerable merit The term microbe m the French means 
microorganism and probably has somewhat the same meaning 
in English. Germ is a term probably synonymous with the term 
bacterium. All of these terms are used by writers for designating 
various microorganisms. The field of microbiology is then a 
broad one, and the term microbiologist is more fitting for the 
person who works with bacteria and related microorganisms than 
is the term bacteriologist. 

The science of microbiology has developed so rapidly during 
recent years that, as was the case with otlier sciences, it is under- 
going disintegration For instance, the science of immunology 
has developed from pathogenic bacteriology. The emergencies 
incident to World War I stimulated the use of microorganisms in 
preparing chemicals which previously had been prepared by 
chemical methods Examples arc butyl alcohol, acetone, and 
glycerol. During World War II the fcrmentologists have devel- 
oped tremendous production of the remarkable chemotherapeutic 
agent, penicillin, an antibiotic produced by certain molds Other 
antibiotics are now under intensive investigation Each micro- 
bial cell may bo considered to be a small factorj’ m which chemical 
changes may be brought about. Soil biologists have drawn the 
analogy between the nodules of legumes in w-hich bacteria fix 
nitrogen for plants and the great chemical institutions wherein 
nitrogen is taken from the atmosphere and made into chemical 
compounds for industry’ and agriculture. And, while many bac- 
teriologists arc studying ways and means of increasing the useful- 
ness of microorganisms, others are studying the multitude of vital 
chemical reactions within the cell which arc incident to life. 
Those studies have proved to be valuable in the fuller undcrst.md- 
ing of the metabolic functions of higher plants and animals 
Microbiology indeed embraces many fields of human knowledge. 



V XND DEVEI-OrM^^T 

3, «^ErtOE^^^ „^rE«ENCES A »' 

, '•O’;',''’”; r”'. E'>'“'‘’°’ 

liUi.U)C”* • MftJ ■ > ^ijjclrno\oR« 

«>•“>« . 
B t.c 0.-> 


>r.T.. s » • ‘ „ , ,s„ Bl«« 

''‘'■j«aW’B8«-“;„„i„oD'>''°'’‘° ^ L.If Br«»' 

"'Si 

“ t^,.- I. »- n.'s-.. "* 

lioc«. ^ ’ c MiCtobcs- t Brace, 1922 

''“Hv tV I"--'””' B. M”'-'’”; . iS-on, H'>«“°” 

B-oOT. '' 'v B,oto»- „( Ehe M«>''''"'' ,9H>-» 

' „, McA.®- Brea 



REFERENCES 


33 


Robinson, V., Pathfinders in Medicine, Medical Review of Reviews Press, 
New York, 1912. 

Seeug, M. G , Medicine — An Historical Outline, Williams <S. Wilkins Co , 
Baltimore, 1924. 

SiNCEK, C., Proc Roy. Soc, Med. (section on History of Medicine), London, 
7 (1913-14), 247-79 

Smith, E. F., and Flobence Hedges. Pasteur, the History of a Mind, W B. 
Saunders & Co , Philadelphia, 1920 

Ttoner, a Logan, Joseph Baron Lister CJentenary Volume, 1927-1928, 
edited for the Lister Centenary Committee of the British Mcdic.al 
Association, Oliver and Boyd, Edinburgh, 1927 

Trudeau, E. L, An Autobiography, Doubleday, Page, Garden City, N Y, 
1916 

Vallery-Radot, R , The life of Pasteur, Doubleday, Page, Garden City, 
N. Y., 1923. 

WiTHiNCTON, Edward T , Medical History from the Earliest Times, Scien- 
tific Press, Loudon, 1894. 



3G niXATIONSIIirS OF PLANT AND ANIMAL GIlOUPS 

Interesting discussions of this subject may be found in books on 
generni biology. 

DISTINGUISHING CHARACTERISTICS OF THE 
TWO KINGDOMS 


Pmnts 

1 Sforers of cnerg}'. 

2 Plant cclU have marked cell 
i\aIU of cellulose. 

3 Root hairs and etom.atn ftIk>orb 
water and jra'c-s, no iliE'vlion. 

4 Motion of liquid m wall diicLt; 
sugars descend in (he walU of 
the inner bark. 

fi. Plants use carbon ilioxide. and 
water and nitrates. Liberate 
orj'gcn. Orginic matter built 
up Chemo'ijnllictic 

6. U Vll-dei o/oped vacuoles. 

7 Nuclcoprolcins containing a 
pentose 

8 No sensory organs, and probably 
no nervous system. 


Animals 

1. Lihcrnlori of energj*. 

2. Animal celU may be devoid of 
cell walls, or have walls slightly 
dcvelopcil. 

3 Have an alimentarj’ canal in 
in which digestion takes place. 

-I CircHl.itof>' system of heart, 
blood, and blood vessels in v’cr* 
Icbratcs and certain inverte- 
brates. 

5 Metnbolbm: Animals use or- 
ganic compounds; liberate car- 
l»OD dioxide, water, and urea. 
Organic matter destroyed. 
Cbcmoanalytic, 

C Vacuoles absent or slightly de- 
veloped. 

7. Ncuelcoproteins containing hex- 
ose. 

8. Scasorj’ orgaos and nervous sj-s- 
tems. 


General Method of Arranging Living Organisms. The science 
of classification of living beings, whether plant or animal, is known 
as taxonomy. Only general phases of the question arc to be con- 
sidered here. This is neccssniy in order to give proper setting for 
a discussion of microorganisms. 

The preceding discussion shows why living organisms arc classi- 
fied, but it does not tell how it is done. Whenever anything is 
classified, or arranged in some system, whether it be flics, trees, 
automobiles, bacteria, or horses, salient characteristics must be 
used For instance, early bacteriologists used shape as the out- 
standing characteristic in the classification of bacteria. Three 
large groups were made, consisting of round cells, rod-shaped 
cells, and corkscrew-shaped cells. Each of these groups was 
subdivided with other characteristics. Finally, a general classi- 
fication developed which was useful for known species and for 
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classification of new ones. Later otiier characteristics were 
believed to be important, and they were used in a similar manner. 
It is difficult to agree on what is a salient characteristic. 

It is necessary to have classifications and systematic arrange- 
ments of facts and data. Without them it would be difficult for 
students to grasp the subject or to know when new facts were 
reported The early philosophers recognized this need. Durant 
tells us that Aristotle believed every good definition to have tw’o 
parts: One assigned an object to a class or group whose general 
characteristics were also its own; the second indicated wherein 
the object differed from other objects in its class The various 
terras used in classification, classes, orders, families, and the like, 
are really definitions. 

Linnaeus was one of the first to present an orderly classification 
of plants and animals. He arranged animals with similar char- 
acteristics into largo groups which were in turn subdivided 
according to differential characteristics. Linnaeus denied organic 
evolution and believed that each species was a special creation. 

Eingdoffis. This u the first separation made among living organisnu 
All forms of life belong to cither the animal kingdom or the plant kingdom 
As stated previously, a proposal to form a third kingdom waa sot received 
with favor 

Phyla. The next divi'^ion of Ining organisms « into phyla (singular 
phylum) Phyla, therefore, are in a way eubkingdoms They include 
organisms which arc alike m some major charaeteri.'^tjc but differ in char- 
acteristics which may be u«cd for further subdiM«ion 

Classes. The phyla are divided into classes Living organisms having 
some salient characteristic m common are put into the same class. 

Orders. An order w a group of familie.* Names of orders end in ahs 

Families. A family is a group of tribes. Names of families end in 
aceac and subfamilies in otefca 

Tribes. A tribe is a group of genera Names of tnbp.s end in rac and 
of subtribcs in tncac. 

Genus (pfurof Genera) The genu-s or generic name i'» comparable to our 
surname It ls the name which connects the pprcies with the larger group 
Although practice differs, the name of the gcniii m usually italicized when 
printed and w written with a capital letter The characteristics of the 
genus are more restricted than ihop'C of the family, tribe, etc The mem- 
bers of a gcniH have manj* propcTtica in common but differ m those on 
which separation is made between the species 

Species. This term is used by all biotogi<ta in a general way, but difTi- 
cultics arise when they arc called on to define it Fornu of life winch 
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The following would be the complete taxonomic situation of 
Eschericha colt, a bacterium of considerable importance in sani- 
tary bacteriology. 

Phylum, Thallophyta 
Subphylum, Fungi 

Class, Sehizomycetcs 
Subclass 

Order, Eubacteriales 

Family, Enterobacteriaceae 
Genus, Escherichia 

Species, Escherichia coU 

BIOLOGY OP PLANTS 

Plants show a wide variety of structure and function. Although 
it is usually not difficult to distinguish a plant from an animal, 
some forms of life exist which possess characteristics of both 
groups, but must be arbitrarily placed in one group or the other. 
Whether a living organism is a plant or animal is of little conse- 
quence because characteristics of these groups are ill defined. 

Arrangement of Plant Forms. The plant kingdom has been 
arranged in different ways by various authors. The following is 
a brief outline. 

Phylum I. THALtopnvTA • plaQt5 without distinction of root, stem, or branch. 

Subphylum 1. Aloac. tballophytes possessing chlorophyll: including 
unicellular forms, pondweeds, and seaweeds 

Class I Cyanophyccae. the blue-grcen algae. 

Class II. Chlorophyceac. the green algae. 

Class III Phaeophyccac: the brown algae. 

Class IV Rhodophyecae. the red algae. 

Subphylum 2 Fungi; Thallophyles without chlorophyll: bacteria, 
yeasts, molds, etc. 

Class I Schizomycetes: the bacteria. 

Class 11 Myxomycetes elimc fuagi. 

Class III Phycomycetes the alga-like fungi. 

Class IV Ascomycetes. the sac-fun^. 

Class V Rosidtompcctcs* the basidio-fungi. 

Phylum 11. Bryophtta: the moss-like plants. 

Class I //epattcQC' the liverworts. 

Class II. Musetneae’ the mosses. 

Phylum III. Pteridopiitta- the ferns and their allies. 

Class I Ft'hcolcs; the true ferns 
Class II. £^gtitsc/ales* the horsetails. 

Class III. Lycopodzales: the club mosses. 
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Phylum rV SpEHMATOPHTTA’ the sccd-beanng plants. 

Subphylum 1. Gtmnospermae the conc-beanng plants, pines, hem- 
locks, etc. 

Subphylum 2. ANOiosPERifAE: flowering plants 
Class I il/onocotylcc/ons* endogenous plants. 

Class II Dicotyledons: exogenous plants. 

It should be noticed that plant taxonomists divide the plant 
world into four large groups or phyla. 

Phylum 1. Thallophyta The members of this group are 
generally recognized to be the ancestors of modern more highly 
organized plants Their morphology is simpler, and they do not 
possess such wcll-dovelopcd organs as do the latter. Many Thal- 
lophyta arc single cells which arc not well differentiated from 
one another. This makes them of interest to the microbiologist. 
Others are much more complex existing as masses of cells. 

SuBPHVLUM I. Algae. Four groups are recognized, differen- 
tiated mainly by color, as indicated on page 40 Some members 
of this group arc troublesome to man in various ways. 

/. CyanophyccQC arc singlc-cellcd forms or groups of single 
cells. Blue an<l yellow pigments along with green pigments give 
them various colors, depending on predominance of any one. 
Cyanophyceae reproduce by fission and produce cells whicli have 
been said to be spores. They have cliaracteristics in common 
with bacteria, and it has been suggested that they are closely 
related as to evolution. Some species of Cyanophyceae are 
Gleocapsa, Nosioc, Osallatona, and Rwularia. 

II. ChloTophyccae arc the green algae and include many forms 
encountered by bacteriologists m water treatment especially 
Spirogyra, one of tlic commonest, floats as a scum on the surface 
of fresh water. This species exists as filaments made up of cylin- 
drical colls 'When t«o filaments he close together, a cell in one 
may fuse with a cell in another filament The cell contents from 
one cell pa«s through a little tube into the other coll and fuse with 
it. The cells are called gametes, and the resulting cell, called a 
zygote, has a thick wall and is well endowed with ability to sur- 
vive unfavorable conditions such as a long winter or drought. 
This is an example of a sexual phenomenon which is recognized in 
many small forms of life wJiere jt was once unknown 

III. Vhacophyccac are brown algae They maj* grow to great 
size and in the ocean are known as brown seaweeds from which 
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valuable substances are obtained; among them, potassium salts, 
iodine, and others. In this group arc diatoms, deposits of shells 
of which on the ocean floor are of considerable industrial impor- 
tance. This material is known as "diatomaceous earth.” It is 
used as a filtering medium and polishing agent. 

IV. Rhodophyceae are red algae and again include species of 
considerable importance. They are generally marine forms. 
Agar-agar used as a solidifying agent for culture media by bac- 
teriologists is prepared from the species Gelidium. This species 
grows m salt water near California and Japan. 

SuBPiiYLUM 2. Fungi. These are simple plant forms. The 
group is an indefinite one including many different types of lower 
plants. It is especially characterized by the absence of chloro- 
phyll, which presages some of the more important characteristics. 
Lack of chlorophyll prevents fungi from using the energy in sun- 
light. They must resort to chemical energy, or that produced by 
chemical decompositions ; thus, in order to secure the energy which 
nature has stored up in such large molecules as sucrose (cane 
sugar), dextrose (grape sugar), the protein molecule, and the fat 
molecule, fungi have become known as analytic microorganisms 
in that they decompose great amounts of organic matter. Fungi 
arc both parasitic and saprophytic. As stated previously, many 
of the fungi are thread forms, although this is by no means a 
constant characteristic. Each thread in the mycelium is called 
a hypha (plural h 3 'phac). These hj'phae may be segmented, or 
septate, or nonseptate. Reproduction takes place by means of 
spores. 

I. Scfiizomycetes, Bacteria. These are organisms which are 
the subject of this entire book. Bacteria are widely distributed 
over the surface of the earth, but there are a few places where 
they are not present, probably because the conditions are not 
favorable for their development Bacteria have been demon- 
strated to be present in mud at the bottom of the ocean under 
more than 2000 meters of n’ater. The numbers and types were 
shown to be quite like those in garden soil. They have been 
shown to be in the air 13 miles above the surface of the earth as 
well as in air currents over the Arctic Circle. Bacteria are not 
limited in their places of existence as they were once believed to be. 

Normal Habitat. Some bacteria are more commonly found in 
certain places than others. Such materials as milk and water 
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are said to possess a “normal flora” because certain species are 
likely to be found in them. The lactic-acid-producing bacteria, 
for instance, are commonly connected with milk and dairy 
products. Such groups of bacteria are often spoken of as the 
milk flora, water flora, soil flora, and so on It is quite a difficult 
matter to distinguish the normal habitat from the temporary 
habitat for most of the common bacteria However, with some 
of the uncommon species such as Staphylococcus aureus, or 
Dialister pneumosintes, a respiratory pathogen, the normal habi- 
tat is quite well known. 

Temporary Habitat. In contrast to those species which are 
especially adapted to a certain environment and which one usually 
expects to find when this environment is examined baetcri- 
ologically, there are chance forms or temporary inhabitants. 
Bacteria are widely distributed and are present in or on most 
materials. It is not often easy to separate the temporary forms 
from the normal or regular forms. 

Where not Found. Even though wc have stated that bacteria 
are very widely distributed, j’ct there are some places where they 
are not usually present, as in the deep layers of the soil or m arid 
soils. This may be exp^^jned m different ways. It has often 
been stated that body fluids and tissues of healthy animals are 
sterile. Recent data, however, seem to indicate that bacteria 
may, at times, be found in tissues of animals which seem to bo 
in good health. Petroleum geologists arc al«o reporting the pres- 
ence of b.'ictcria in specimens of oil from hundreds of feet below 
the surface of the ground. 

In the last few years results of investigations have been 
interpreted to indicate that bacteria may have remained in viable 
condition for hundreds of thousands of years inside rocks and coal 
deposits. Lipman, wIkj proposed this, believed that the cells had 
remained in a dormant condition or m a state of “suspended 
animation” without any semblance of respiration. Such sugges- 
tions stimulate thought even though one is inclined to doubt their 
validity. More recent work on diyung of yeast cells suggests that 
living cells might be able to survive conditions which were once 
believed to dc^troy them. 

Role of Bacteria in Nature’s Plan. A little thouglit will soon 
convince a student that nature is a vorj* delicately equilibrated 
system. Each group of organisms seems to have a ilcfmitc func- 
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tion and may be necessary for the existence or growth of other 
groups. Bacteria are very active, and a discussion of their 
metabolism will show that they form large amounts of metabolic 
products in proportion to body weight. The following processes 
may be mentioned as examples of the useful roles of bacteria 
in nature. 

Putrefaction. Many complex substances such as proteins 
become useless and would be in the way were it not for the 
bacteria which split them into simpler substances. The carcasses 
of dead animals and plant structures, for instance, are attacked 
by bacteria and soon reduced to simple compounds. The chemical 
changes brought about by bacteria in putrefaction are discussed 
later. 

Fermentation. This phenomenon is best known in connection 
with the preparation of fermented beverages. It has, however, 
a broader meaning since it may be involved in many important 
changes in nature Much plant debris is fermented to soluble 
compounds which disappear. An unhappy condition would result 
on the face of the earth if this were to accumulate. Fermentation 
changes are usually a part of the carbon cycle since the compounds 
fermented are mainly carbon compounds. 

Under these two headings may be mentioned most of the 
desirable chemical reactions which form the basis for the great 
microbiological industries. In many of them man has not intro- 
duced a new reaction but has merely given certain bacteria an 
opportunity to do in a much larger way what they do all the time 
in a small way. 

Bacteria may play a role in furthering the normal development 
of animals and plants. Many experiments have been conducted 
to determine whether plant and animal life is possible without 
bacteria. This question is discussed in some detail later; it is 
mentioned here as a part of the idea that bacteria have an 
important role in the general scheme in nature. 

II. Myxomycetes are forms of life claimed by both botanists 
and zoologists. When considered as simple animals they are 
called Mycetozoa. They have also been given the common name 
of slime molds, because they live on decaying vegetable matter. 
Their structure is quite indefinite and consists of a naked slimy 
protoplasm ^hich is multinucleate. They are devoid o! chloro- 
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phyll and arc, therefore, unable to use energy in sunlight. They 
are plant-like in reproduction but animal-like in their nutrition. 
Food is ingested as by amoebae. Such forms as these illustrate 
the difBcultics of sharply differentiating plants and animals. 

III. Phycomycetes. These fungi arc characterized by a cotton- 
Iike growth called a mycelium made up of individual filaments 
called hyphae. Phycomycctes possess the general characteristics 
of fungi, which have already been discussed. They arc thread 
forms generally without cross walls (nonseptate) and conse- 
quently are frequently called algal fungi. Sexual phenomena 
are exhibited m this group in the formation of zygospores. 

IV. Ascomycctes This group of fungi includes the yeasts and 
molds, both of which are discussed in separate chapters in this 
book. 

F. Basidtomycctes. These fungi arc characterized by a 
basidium on which the spores ore produced They arc larger 
fungi than those in some of the other groups. They are both 
parasitic and saprophytic The edible fungi, mushrooms, as well 
as poisonous species, belong to this group. 

Fungi Imperfccti. Fungi which lack well-defined fruiting 
bodies or reproductive organs have been designated as imperfect 
fungi or Fungi Imperfccti They are so classed because of failure 
to demonstrate the presence of these organs. When these organs 
arc demonstrated, tlie species ni.ny then be given its proper place 
in one of the other groups. Some of the imperfect fungi are 
Oidium, MontUa, Endomyces, Torula, and Mycoderma. It may 
be seen later that these organisms differ in characteristics. Some 
of them arc discussed at different places later in this book 
Although little may be known about the afhnities of “fungi imper- 
fccti,” much may bo known about their acti%’itic3. Some of them 
play important roles in great industrial processes. 

Higher Bacteria. All forms of life intergrade into one another. 
Sharp lines of demarcation between plants and animals do not 
exist, and, once definitions have been selected for such terms, 
many intorgradmg forms arc encountered nliich have characteris- 
tics of both of these groups. In hkc manner, difficulty i.« encoun- 
tered in establisliing satisfactory limits fur the group of organisms 
known as bacteria. On both sides of this group, contiguous forms 
cxi«t which have eharocteristies like some of those of the true 
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PiO. 17. Leptoihrix hydlina {Slreplothrix hyalina). (After 

bacteria. On what may be called the upper or higher side of the 
true bacteria, we have the higher bacteria. These are forms of 
life midway between bacteria and higher forms, such as algae and 
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protozoa. Microorganisms which are called higher bacteria are 
in general filamentous and belong to several orders such as 
Spirochaetales, Myxobacteriales, Thiobacteriales, and Actinomy- 
cetales. Those just mentioned are characterized in Chapter 
7. The higher bacteria ate, then, intermediate between the true 
bacteria (Eubacteriales) and higher forms of life. 

Shape. Higher bacteria may exist a3 single cells or m masses. They are 
usually composed of straight threads; branching is uncommon. 

Reproduetton. The species is reproduced either by spores from various 
cells m the thread or by special units formed by the cells at the tip of the 
thread The latter are like conidia 
Sheath. Frequently the cells compos- 
ing the thread are surrounded by a struc- 
ture called a sheath The cells exist in a 
sort of tube. Often some special com- 
pound is formed and deposited m the 
sheath as a reserve substance This is 
the case with iron m Crenotknx With 
the sulfur bacteria it Is sulfur Some of 
these forms which have specul signifi- 
cance are mentioned later 

StTcplothnx. These organisms have 
characteristics of both bacteria and 
molds They reproduce by spore forma- 
tion and have branching filaments. 

Nocardta is another name for this group. 

Crenolhnx, This fungus has branched 
filaments with no sulfur granules It 
poKicsscs a sheath in which cells may be 
seen to move about Thu sheath is 
usually colored brown by the deposition 
of iron compounds Crenothru is usually 
found m iroD-cont.aining waters and may 
cause trouble in clogging water mains Fio. 18. Crenolhnx polyapom, 
or imparting an undesirable appearance M/ltr .Vtyufa) 

to drinking water 

Cladothnx The filaments arc branched and may also contain iron 
deposits. The best-known species is perhaps Cladothnx dichotoma So- 
called swarm spores are formed b> the opening of the sheath 

Lower Bacteria. On the other side of the true bacteria, living 
organisms may exist which ore much smaller, probably too small 
to be seen by ordinal^* microscopes. They have been called lou'er 
bacteria Much evidence has been accumulated to support their 
existence. 
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ANIMAL BIOLOGY 

For convenience, distinctions are made between plant and 
animal biology. When basic fundamental facts are considered, 
such distinctions arc artificial and unsound. Cellular activity 
and function, the only sound and reasonable bases on which to 
separate living organisms, are much the same for both groups. 

Arrangement of Animal Forms. These may be arranged in 
several groups as is done with the plants. 


Division 1. Protozoa: unicellular animals. 

Class I Rhiiopoda: animals with naked protoplasms and pseudo- 
podia. 

Class II Infusoria: animals with cilia, flagella, or tentacles, and 
usually a mouth. 

Class III Sporoioa: parasitic animals, producing spores and having a 
metamorphosis. 

Division It Metazoa maoy-ccllcd animals with a dlfTercntiation of cells 
Phylum I. PoBiFER-A' animals with no distinct mouth, but many incur- 
rent openings the sponges. 

Cla» I Calcarea: with a skeleton of calcareous spicules. 

Class II. NoncaUarea. with a skeleton of silicious or horny spicules, 
or none. 

Phylum n. CoEu:s*TES.ATA animals with a mouth, but without an anus 
and with no body cavity. 

Class I. Hydrozoa 

Class II. Syphozoa. sea nettles. 

Class III Actinozoa corals, anemones. 

Class IV. CtenOphora. 

Phylum HI Echikodebmata radiate animals with complete alimen- 
tary canal and a body cavity. 

Class I Asterioidea. starflshes 
Class II. Ophiuroidca brittle stars. 

Class III. Echtnoidea: sea urchms. 

Class IV Cnnoidea- sea hlies. 

Class V. Holothuroidca" sea cucumbers. 

Phylum rV Platyhelminthes' flat unsegmented worms 
Class I. Cestoda • the tapeworms 
Class II. Trematoda: the flukes. 

Cla-ss III Turbetlana: the plananaos 

Phylum V. Nematuelminthes: round unsegmented worms; round 
worms, threadworms. 
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Phylum VI. Molluscoidea. 

Class I. PoZyzoo' sea mats, coralline 
Class II. Brachtopoda: lamp shells 

Phylum VII. Annulata the segmeated worms 
Class I. Chaelopoda bnstle-footed worms 
Subclass A Polychaeta with many bristles 
Subclass B Ohgochaeta with few bristles 
Class II. Hirudmea- leeches. 

Class III. Arc/iiannefu/a. 

Class IV. Gepkyrea 
Class V. Chaeiognatha. 

Phylum VIII. Mollusca 

Class I Pelecypoda or LameUibranehia , bivalcs, clams, oysters, 
mussels. 

Class II Gasteropoda: univalve.^, snails 

Cla.'y III. Amphincura- many-valved chiton 

Class IV. Cephalopoda with long arms squids, cuttlefishes 

Phylum IX. Artoropoda with jointed feet. 

Class I. Crustacea crabs, lobsters, barnacles 
Class II. Onychophora centipedes 
Class III. Mynopoda- millipedes 
Class IV. Uexapoda. iD.«ect$ 

Class V. Arackmda- spiders, scorpions, etc 

Phylum X. Cnoan^TA ammaU with a notochord. 

Subphylum, ATSiotot body canty opening to the exterior. 

Class I. I/rochor</<i tumeates or sea squirts 
CIa.5S II. Ccphaloehorda afnphioxm 
Subphylum, Verteorata animals with n \ ertebral column 
Class I. Pisccs ■ fishes 

Class II Ampliibm- frogs, toaib, salamanders 
Class III Repldtn - lizards, snakes, turtles, alligators. 

Class IV. Ai’fs- birds. 

Class V. Mammalia mammals 
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CHAPTER 3 

LIVING MATTER AND THE CELL 

Microbiologists are fortunate m working with simple forms of 
life, single-celled organisms. Although their structure and 
functions are simpler, they are not to be considered primitive or 
set apart from higher forms. Some difficult problems of higher 
forms have been solved by investigations of single-celled organ- 
isms. Basic principles of metabolism were worked out with 
yeasts. Single-celled microorganisms arc well suited to studies 
of structure and physiology for various reasons. They may be 
grown rapidly in large numbers and maintained in pure culture. 
They respond quickly to various stimuli in their environment. 
Metabolism of single-celled organisms is about as simple as 
possible Some are able to use most elementary foods such as 
carbon dioxide, ammonia, and hydrogen sulfide. In view of this 
ability they have been suggested as the first forms of life on earth, 
and from them have developed, through the ages, the higher forms 
of life, including ourselves. 

Life. This is the characteristic of living things which differ- 
entiates them from inanimate objects Life is one of those words 
used by biologists without much attempt at definition. It does 
not need definition because it is all about us. Wc are alive. 
Bacteria, yeasts, and molds arc living things. Possession of 
“life” gives a cell many interesting basic characteristics. How 
small may a cell be and still be alive? Is life related in any 
direct way to size? Will it ever be possible to make living 
matter in the laboratory? The difficulty of answering these ques- 
tions is illustrated by the fact that biologists are not agreed on 
whether some forms such as bacteriophage and viruses arc alive 
or not. Perhaps we arc wrong in trying to believe that a sharp 
line exists between living and nonliving organisms. 

BIOLOGY, BOTANY AND ZOOLOGY 

Study of living things centers in the science of biologj*. The 
name comes from the Greek words bios meaning life and logon 
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meaning a speech. It is generally considered to be the science of 
life or of living things. For convenience biology is divided into 
botany, the plant sciences, and zoology, the animal sciences. 
Microbiology is the study of microscopic beings. Fundamental 
biological principles are the same whether they apply to single 
cells or to cells in multicellular animals. 

In addition, there arc a few other terms frequently used by 
biologists, most of which are from Greek words. 

Morphology is the branch of biology which treats of form and 
structure of living beings. It starts with cellular morphology. 


Structure'^ 
of Cytoplasm 


m 


BIOLOGY, BOTANY AND ZOOLOGY 53 

Pathology. The branch of medical science which treats of 
morbid conditions, their causes, symptoms, and nature. This 
involves a study of diseases and diseased tissue 

Taxonomy. The branch of biology which treats of classifica- 
tion and of orderly arrangement of living beings 

Size of Living Things. Smallness of size seems to be the most 
striking characteristic of microorganisms with which the bac- 
teriologist works. To say, however, that microorganisms are 
Very small means little. Basically, size is not an important 
function in biology. Scott stated that the giant redwood, 
Sequoia, is one of the tallest, largest and oldest of all living 
organisms, the largest and oldest specimen being “General 
Sherman,” a tree in Sequoia National Park which is 280 feet high, 
36 5 feet in diameter and nearly 4000 years old In the animal 
kingdom, Scott mentioned the large size of the sulfur-bottom 
vhale, specimens of which have been observed to be nearly 100 
feet long and to weigh nearly 150 tons. 

Volume-surface relationships arc very important when macro- 
and microorganisms are contrasted Many of the activities of 
microorganisms arc explained by the fact that their surfaces are 
large in comparison to volume. The smaller the volume of an 
organism the greater will the surface bo, relatively The surface 
increases as the square of the diameter, the volume as its cube. 
A large surface means more rapid loss of heat, and consequently 
more food must be utilized 

History of Cell Theory. The cell, defined as a nucleus sur- 
rounded by protoplasm, is the b.asic unit of structure of living 
organisms Although some early workers, when reporting their 
obscn’ations with the microscope, presented drawings containing 
structures whicli might be regarded as cells, Hooke, in 1C65, is 
considered to be the first actually to report the “little boxes of 
cells distinguislied from one another” in cork The final argu- 
ment for the existence of cells centers around the studies of two 
men, Schleidcn and Schwann They are generally regarded as 
the real founders of the cell thoorj’ although, according to Locy, 
studies of Schwann were more coraprclien«ivo. Ixicy believed 
that Schwann should have credit for the cell theorj-, for Sehlciden 
merely assisted him in his work Schleidcn and Schwann placed 
great importance on the cell wall and believed it to lie a neees«ar>* 
part of the cell. This idea, however, bad to be given up wlien 
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cells without walls were discovered. Schwann and his colleague 
also explained the hrjnation of new cells b}’ a crystallization 
process and not by division. Hugo von Mohl and Nageli showed 
that a new cell was formed from an old one and that cells origi- 
nated only in this manner and not by crystallization. 

Plant and Animal Cells. Distinctions between plant and 
animal cells, though often made on the basis of structure, are 
probably not definite. As has been stated elsewhere, early biolo- 
gists recognized intermediate forms between plants and animals 
to which they gave the name zoophytes. This might indicate 
that the characteristics of plant and animal cells might also 
intergrade. However, some differences may be mentioned. 
Wilson stated that animal cells arc generally characterized by 
slight development of the membrane; plant cells, on the other 
hand, show well-developed cell walls. He did not, however, 
consider this difference to be of much significance. Vacuoles are 
also much more prominent in the cells of higher plants. In 
animal cells they are absent or obscure. Plastlds are found in 
plant cells, and centrosomes arc absent. 

PROTOPLASM 

This term was coined by Hugo von Mohl in 1846 for the semi- 
fluid contents of plant cells. It is derived from the Greek 
protos — first, and plasma — formed substance. Before this, 
Dujardin, a French biologist, in 1838 had used the name “sar- 
code” for the material in living organisms. Not much was 
discovered by these investigators about the real character of 
this substance nor the similarity between animal and vegetable 
protoplasm. However, in 1861, Max Schultze proclaimed the 
similarity of protoplasm from different cells, and from this date 
more rapid progress was made in its study. Today we know 
that all protoplasm, regardless of the cells from which it comes, 
is quite alike. It has the same appearance and to a great extent 
the same properties. 

The term protoplasm was sufficiently definite for the time when 
it was first introduced. However, as knowledge grew and more 
facts were discovered about the structure of the cell, the term lost 
its significance, and others were introduced. The term haryo- 
plasm, for instance, was introduced for the material within the 
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nucleus and cytoplasm for the material outside of the nucleus. 
Nucleoplasm is also used for the substance in the nucleus. 

Chemistry of Protoplasm. Protoplasm is not a chemical com- 
pound but a mixture of compounds. The type and concentration 
of these compounds consequently vanes. Besides the chemical 
compounds which may be considered normal, there may be transi- 
tory compounds such as food material and various products of its 
metabolism in the coll. Certain chemical substances in the cell, 
reserve products such as sulfur, iron, and fat, may also be present 
Their amounts are determined by the conditions under which the 
cell is propagated. Where there is plenty of food the maximum 
concentration of various constituents might be expected, whereas 
under conditions of starvation they might be exhausted. A dozen 
elements may be found; a few others are present at times. We 
might also point out that chemical c.xammations of living matter 
are difficult to interpret. 

One of the outstanding characteristics of protoplasm is its 
water content, Although the water content of different types of 
protoplasm may vary, the limits of variation arc not wide. Water 
plays an important role m mamtainmg turgidity of the cell, car- 
rying in food, and removing waste products. 

Salts arc present in protoplasm. Larson, who worked with 
bacteria, reported two kinds of salts — fixed salts and free salts. 
The former were bound with tlic cell tissue whereas the latter 
could bo removed by w'atcr. The salts along with the water 
probably maintain the proper osmotic pressure. 

Protoplasm is also said to be in the colloidal state or to contain 
substances in this state. Findlay stated that 00 per cent of the 
organic matter of cells and tissues of the human body is made 
up of colloids. The term colloid was introduced by an English 
physicist, Graham, and applied to substances which would not 
diffuse through a parchment Substances which would diffuse 
through such membranes were called crystnllouh. Thus Graham 
recognized two states of matter rather sharply separated. Today 
the line of demarcation has become less distinct, and the terms 
denote only different states of matter. 

Structure of Proteins. Much of the solid m.atcrial m proto- 
plasm is protein. Proteins are vcr>’ complex chemical compound- 
built up from certain other chemical compounds called ommo 
acids. Amino acids as the name indicates arc organic acid- with 
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an — NHj (amine) group. Acetic acid is a simple organic acid. 
One of the hydrogen atoms may be replaced by an — NHj group 
giving aminoacetic acid or glycine, the simplest amino acid. 

HO no 

H-i- c^)H ir 

li 

Acetic aeid AmiaoaeetiC aeidorglycioe 

There are at least 38 known amino acids, all of which may be 
combined to form the proteins. A type of union may be shown 
by letting two molecules of aminoacetic acid react and become 
united as they would if storting to make a protein. Tlie hydroxyl 
(OH) group of one molecule reacts with a hydrogen (H) of the 
amine group of the other molecule to form water (HjO). This 
then unites these two amino acids as follows: 
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This gives what is known as a dipcptidc. "UTicn several amino 
acids are thus linked, they form compounds known as polypep- 
tides. Proteins are very complex polypeptides The possibili- 
ties of complexity may be realized from the fact that the many 
amino acids may be linked a number of w’ays. 

General Properties of Protoplasm. The properties of proto- 
plasm arc those qualities which distinguish living from dead 
matter. 

Movement. Two kinds of movement are recognized in proto- 
plasm. One is a real translocation of the cell, and the other is 
known as streaming of the granules in the protoplasm. These 
granules may be seen to move about the cell. 

Irritability. This characteristic is well shown by the fact that 
many agents are known to affect protoplasm. Heat, cold, 
chemicals, and such all have decided influence. Heat is more 
harmful than cold. The characteristic of irritability forms the 
basis for many methods of controlling microorganisms. 
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Reproduction. Ability of protoplasm to reproduce itself and 
grow is its outstanding property Chemists are able to go far 
towards synthesizing compoxmds which are found in proteins and 
may sometime be able to synthesize a typical protein However, 
they have not been able to endow’ any of these complex compounds 
w’ith life. 

Metabolism. This is the energy-yielding process and is there- 
fore an important characteristic of living protoplasm. It is 
essential to life because energy is required for all cell activities. 
Metabolism is generally considered to consist of anabolism by 
W’hich food materials are built into cell protoplasm and catabolism 
by which cell protoplasm is resolved into waste materials. 

Death This is indeed the final characteristic of protoplasm. 
The term death is quite difficult to define. One dictionary defines 
It as "cessation of life.” Such a definition is not very satisfactory 
since definition of the term life is just as elusive. Some biologists 
state that protoplasm never dies. They claim that, since repro- 
duction involves the division of cells, life is continuous It is 
difficult to discuss and define death since it is equally difficult to 
define life. Lepeschkm has stated that life represents a sum of 
physiological phenomena which may be observed not only with 
the whole organism but also with each cell that composes it 
Death of multicellular organisms must proceed by degrees because 
not all cells die at the same moment. Even with single cells, death 
may be a somewhat progressive phenomenon. Death is known to 
be concerned with alterations in chemical and physical structure of 
living matter. Relatively recent developments in the field of 
colloids give an opportunity for partial explanation, perhaps, for 
the causes of death. The colloid structure of living matter is 
changed by death. 


MORPHOLOGY OF CELLS 

Each cell may contain a numlicr of specific parts called organs. 
Some of these will be described briefly. Cells differ m size and 
shape. Some bacterial cells ore known which arc about 0.2 
micron in diameter, wlicrca** others and some yeast cells arc many 
times larger Sire is indeed a vanaldc characteristic. 

The Cell Wall. The cell wall ii not n nefe‘=«ar>’ structure since 
some cells are known to Ik- devoid of wall-* Tlic wall is probably 
a protective organ, and it may influence many activities of tlie 
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cell. Its chemical composition varies greatly. There are prob- 
ably two layers on roost cells. The outer roay assume a thicker 
sticky consistency to form what is known as the capsule. Some 
cells arc enclosed in a sheath. 

Cytoplasm, What we have said about protoplasm may also 
be applied to cytoplasm. The constitution of the cytoplasm has 
received much study. Several theories obtain for explaining its 
structure. 

/. The Filar Theory^ According to this theory the cytoplasm 
is full of threads embedded in a ground substance. 

B. The licticular Theory. This theory is that the threads in 
the cytoplasm, indicated by the filar theory, arc connected end 
to end. 

S The Alveolar Theory. This thcor>’ holds that the proto- 
plasm of the coll is filled with droplets giving the appearance of 
an emulsion. 

The Granular Theory. According to this theorj' the ground 
substance is filled with granules. 

Wilson, probably the greatest authority on cell structure, claims 
that cell substance is homogeneous in its first state. Later filar, 
globular, and granular structures may appear. 

The Cell Nucleus. This is an important organ in the cell. 
The substance in the nucleus, karyoplasm, is distinguishable from 
the cytoplasm by its greater coagulability in some acids. Con' 
sequcntly these acids arc used for the demonstration of the 
nucleus. 

The nucleus contains a liquid in which arc found chromatin 
and achromatin. The chromatin is one of tlie most important 
parts of the cell. The nucleolus is also contained in the nucleus. 
About the nucleus is a membrane. 

Shape of the Nucleus. The nucleus has different shapes in 
different cells. In some cells the entire contents seem to be made 
up of nucleoplasm. In other cells the nucleus is diffused through- 
out the cell. Cells of higher animals have more comple.x nuclei. 

J?ole of the Nucleus. One of the important roles of the nucleus 
is in cell division. It probably carries the hereditary factors of 
the cell to progeny. The nucleus also functions in regeneration 
of tissue. When certain protozoan cells are divided into two 
parts, only that part which contains the nucleus can regenerate 
itself. 
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This suggests the question whether an anucleate cell can exist. 
After knowing the importance of the nucleus in cell activities, one 
is almost compelled to answer the question negatively. This 
question is discussed again under cytology of the bacterial cell, 

Centrosome. This is a small body in the protoplasm. For 
some time, on account of its minute size, it was overlooked. As 
is briefly discussed later in this chapter, the centrosome plays an 
important role in cell multiplication. 

Vacuoles. These are pockets or vesicles in the cytoplasm filled 
with liquids. They seem to function in regulating the water 
content of the cell. 

Organs of Locomotion. Many unicellular organisms possess 
organs of locomotion with W'hich they move from place to place. 
Some cells, however, are able to move without them since they 
resort to a corkscrew-like motion or a snake motion. Other 
cells are able to produce an oscillatory motion. Then, in some 
protozoa there arc the pscudopodia for motion. The roost char- 
acteristic organs for locomotion however, is the flagellum or the 
ciliwn. Flagella arc whip-Ukc appendages on the cell which aro 
lashed back and forth in the medium. Cilia have a similar struc- 
ture and function but exist in greater numbers, covering most of 
the cell. 

Organs in the Cell. Besides the organs which have just been 
mentioned arc others xv'hich interest students of cyjology. Plas- 
tids are found especially in plant ceils. They vary in shape, 
size, and number, and arc believed to be synthetic in function. 
Wilson stated that they were areas of specific chemical trans- 
formation producing characteristic products such as starch, fat, 
and chlorophyll. The different plastids have been named from 
the products which they arc supposed to make Amyloplastids 
make starch, chloroplastids make chlorophyll, etc. Granules 
of different kinds are also found in cells. Mctacbromalic granules 
are found; their purpose has been the subject of much discussion. 

MULTlPUCATtON OF CELLS 

All cells reproduce or multiply by division. There is no other 
method. Spore production is looked on by some as a means of 
reproduction. 

Direct Division. This is also referred to ns omilosis. ll is 
simpler than mitosis since only one cell is involved— the one 
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nuclei being fonned. These separate, and n constriction appears 
in the cell. This progre««es until the cell divides into two cells 
each of which has a nucleus. The process may be shown 
schematically by Fig. 20. 
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Indirect Division. This is also called Laryokinesis or 7mtosis 
It is more complicated than direct division which has just been 
discussed. Metcalf devised a very useful chart showing the 
several stages in mitosis This is reproduced in Fig. 21. Metcalf 
discussed the chart as follows: 

The process of cell division is represented as a cycle The cycle is 
represented by five phases; each phase, excepting the prophase, is repre* 
seated by stages intended to show an early stage and a late stage. 

The prophase P is limited to the resting (mitotically speaking) nucleus, 
enclosed in a nuclear membrane with its chromatin material in the form of 
granules as usually described; with a large nucleolus; and a centrosphere 
containing two centrosomes. Emphasis is always placed on the facts that, 



Fia. 21. Showing the Various Steps in Mitosis. {After Metcalf, 1921) 
Bte text tor diPlJiUMon. 

•UhouKh .peat of IhU aj . r^tins nudroj, .rc .pcakmB miloljc.lfy; 
metabolically this is the actiie phase of the cell, as far as the life of the 
Cell u concerned it is a i cry long period, and further it is really the end of 
the cell's existence as a cell and not its beginninK 

The term mc-ophve M$ is introduce.! to de'ignate that pha-e of the 
process of mitons described as spiremo-thread formation. The other char* 
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acteristic feature m this phase is that the centrosomes have commenced to 
separate The mesophase is divided into two stages. In the first stage the 
spireme thread is long, slender, and much coiled. In the second stage the 
thread has shortened and thickened and has been thrown into a definite 
number of loops, each loop corresponding to a future chromosome. 

The metaphase Mt is characterized by the chromosomes. The chromo- 
somes are represented as the broken loops of the short-looped spireme 
thread. Another character is the disappearance of the nuclear membrane. 
In the first stage the chromosomes are represented os being scattered in the 
cell, whereas the centrosomes are about 90* from each other. In the second 
stage the centrosomes have reached their polar positions, ISO® from each 
other, and the chromosomes have arranged themselves at the equator. 
Both equatorial and polar views p of this stage are shown for the sake of 
clearness Attention la usually called to the disappearance of the nucleolus 
during this stage Mitosis may be said to have reached its climax with this 
stage, and all the rest of the process may be described as a process of 
reconstruction of the chromatin material. 

The anaphase A means that time during mitosis when there are daughter 
chromosomes m the cell. It starts with the first indications of the splitting 
of the chromosomes and ends with them arranged at the poles. The first 
stage shows the beginuog of the splitting, and the second stage shows the 
chromosomes pulled to the poles and the dnision of the cytoplasm started. 
The centrosomes have usualfy divided by this time in preparation /or the 
next mitosis, and the nucleolus has usually reappeared. 

The telophase T may be described as the daughter spireme phase. In the 
first stage wc have short thick-looped daughter spireme threads formed 
apparently by the growing together of the ends of the looped chromosomes. 
This stage is exactly comparable with (he second stage of the mesophase, 
save that we are now “back-trackmg” and have daughter spireme threads 
instead of a single thread. The nuclear membrane has reformed, and the 
cytoplasmic division is usually complete. In the second stage we have long 
daughter spireme threads which are comparable to the first stage of the 
mesophase, and the interesting process of mitosis is all but finished, for 
there remains but a single step, the transformation of the thread into 
scattered granules, and wc are back with daughter prophase stages ready 
to start the whole process over again Although in the minds of the older 
students who have learned the old nomenclature we may appear to add to 
the confusion by introducing new terms and limiting old terms in a new 
way, and to have simply run round m a circle and arrived nowhere, yet 
my experience with beginning students leads me to believe that there is 
some merit in this explanation. 

Seaatal Phenomena. These occur in many cells although sotao 
are said to be devoid of them. They have been recently 
re-emphasized for the bacteria. In microorganisms such ^ as 
yeasts, among which they have been especially studied, cell fusion 
results in a revivification of the cell as shown by more rapi 
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reproduction or spore formation. Guilliermond has done much 
to elucidate sexual phenomena among the yeasts. The two units 
which are involved are spoken of as gametes; a copulatory canal 
is formed between the two gametes through which the contents 
of one cell is poured into the other. The male gamete is smaller 
usually than the female gamete and pours its contents into the 
female gamete. When the gametes are equal in size, the process 
is spoken of as isogamt/; when unequal, heterogamy. Involved 
in these sexual unions arc the usual nuclear changes so well known 
for the larger single-celled organisms such as the protozoa. 
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CHAPTER 4 

ULTRAMICROSCOPIC FORMS OF LIFE 

These nrc forms of life which arc invisible under the optical 
microscope. Their structure is consequently unknonm, and they 
are known more by what they do than by what they arc. This 
situation need not worry one because many of the finest things 
in life cannot be seen. We can only sec their results. More is 
involved when filtcrability is considered than mere relative sizes 
of the particles to be filtered and sizes of the pores in flic filters. 
Before the bacteria recognized today as the agents of the many 
diseases, whose etiology is knon-n, were discovered, predictions 
were made that a world of microorganisms must exist nhich could 
not bo seen with tlic naked eye. Perfection of the microscope 
and experiments proved this statement to be true. Now wo arc 
in about tlie same position with respect to other diseases in which 
the microscope has not lielpcd. Although the electron microscope 
may help us to see these smaller agents, they arc still “viruses" 
to us. 

Filters and Filtration. Various kinds of filters and membranes 
are used. Those of porcelain or diatomaccous earth were used in 
early work, followed by those made of collodion. The latter were 
prepared with varjdng sizes of pores so that it has been possible 
to secure better information on size of virus particles. Whether 
particles pass through filters or not depends on other factors than 
size. The electric cliarge on the particle and on the particles of 
matter used for making the filter is important. The type of 
filter therefore is very important w'hethcr it is made of plaster of 
Paris, diatomaccous earth, or se^'cral other materials. The dye 
Victoria blue, for instance, will not pass through a Berkefeld 
filter, whereas Congo red, and acid dye, will. Filtcrability or 
nonfilterability of bacteria or viruses depends therefore on elec- 
tric charges on the particles filtered as well as on the filter itself. 
When the charges are the same, no absorption of the entities 
filtered occurs, and they pass through. The same results would 
61 
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be expected if anything is added to the filters which neutralizes 
their natural charges. In view of these facts, we are forced to 
realize that size is not the only factor which determines filter- 
ability and that electric charges must be considered and perhaps 
other factors which arc not yet known, 

FILTERABLE FORMS OF BACTERIA 

These are entities in the life cycles of bacteria which pass 
through very carefully made filters. Although they arc generally 
admitted to be formed by bacterjia today, their existence was 
denied by earlier bacteriologists Just how they may be related 
to filterable viruses is not known Perhaps the two are identical, 
confusion being caused by multiplicity of names Filterable 
viruses might bo filterable forms of microorganisms which have 
a well-known organized stage 

Filtcrability is also related to age of the culture. One investi- 
gator observed that an old culture of Serratia marcescens would 
pass through a filter which w'as impermeable to a young culture. 
The nature of the fluid medium in which the cells were also influ- 
enced the results. When in certain media filter-passing bodies 
are demonstrated; when in other media they are not Filterable 
forms have been reported for Mycobact^ium tuberculosis and 
Eberthella typhosa. 


bacteriophage 
BACTERIAL VIRUSES 

An agent with interesting characteristics was discovered in 1917 
by d’ Hcrelle following investigation by others which suggested 
its existence. It disintegrated bacterial cells in brotii and on 
agar culture media and was believed to be a living entity 
is therefore a virus which attacks bacteria Its action in iqui 
i^ulture media was evidenced by clearing of turbid su-pcnsions 
of bacterial cells or by appearance of clear area« on agar p a cs 
heavily seeded with bacteria. One writer said that the phenoinc- 
aon of baetcriophngy is spectacular One .®ecs a tur ut cu tire 
representing several hours' growi^h suddenly clear am 
sterile. A minute amount of the cleared culture when added to 
n fresh lurbiil culture of bnctcrial cells in hrotli inclueos 
train of events In view nf these observations d'ilerclle belicred 
that bacteriophage was a living agent to whicli lie par c le nani 
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The technic for this resembles that used for preparation of pure 
cultures of bacteria, since it is virtually a plating technic. It 
also makes possible quantitative enumeration of phage particles. 
Known dilutions of the phage filtrate may be spread over the 
surface of bacterial growih in a Petri dish. Clear areas, called 
plagues, will appear where a phage particle existed and developed. 
These clear areas are caused by lytic action of the phage on cells 
of bacteria near it. 

Bacteriophage is apparently a protein of high molecular weight; 
one bacteriopiiagc for Staphylococcus is believed to have a molec- 
ular weight of 300,000,000. 

Since bacteriophage is destructive to microbial cells, there were 
early suggestions that it could be used for destructioa of micro- 
organisms causing disease in animals. Many attempts were 
made to do this, and, although some success was obser\'cd in some 
cases, it was never sufficiently satisfactory to inspire much con- 
fidence. Phage seems to lose some of its effect on bacteria in 
presence of much organic matter, or the latter protects the cells 
of bacteria. 


VIRUSES 

Small forms of life have always interested man. They were 
frequently used to explain phenomena which could not be 
attributed to larger visible forms. Our forefathers in bacteri- 
ology resorted to such an explanation of diseases for which 
definite forms visible through the optical microscope could not be 
seen. In some cases they were nearly able to prove that these 
forms existed by showing that filtrates in which visible forms 
could not be seen would reproduce a disease in a plant or animal. 
Since these filtrates had been "steriliaed” as far as larger visible 
forms were concerned, the agents which passed through the filters 
were called filterable viruses. Now they are called viruses. 

The term virus comes from the Latin and means a morbid 
poison. Today, the term is used for a specific agent causing dis- 
ease in Various forms of life. Smith has pointed out that viruses 
may be distinguished from the visible pathogenic microorganisms 
by (1) their extremely small size, ranging fromjust below the limit 
of vision down to sizes of some molecules; (2) their close asso- 
ciation with the living cell — ^no virus ever having been cultivated 
in a cell-free medium; and (3) their interesting relationship with 
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insects on which many viruses are dependent for transportation 
to new hosts. 

Viruses have become very important because they cause serious 
diseases in man, plants, and animals. All hvmg organisms seem 
to be susceptible to attack. Before microorganisms which are 
know’n now to cause diseases in man, plants, and animals had 
been discovered, it was customary to use the term virus to desig- 
nate the casual agents; thus, such expressions as “virus of scarlet 
fever” or “virus of diphtheria” were used Later the term virus 
was used for diseases, the cauaatn'c agent of wliich was not 
known — they were the so-called diseases of unknown etiology of 
which there are now' quite a few. 

A filterable virus has been called a “particulate agent; probably 
endowed with life, of a size and carrying an electric charge which 
permits H to pass through the pores of a filter, and as a rule ultra- 
raicroscopic.” Whether viruses are living is a subject on w’hich 
there is difference of opinion. Tliey possess the ability to multi- 
ply, a function of living organisms, but also a crystalline structure 
not possessed by higiicr living forms. They arc apparently in 
that “middle ground” between living and nonliving forms. 

Discovery of Viruses. Following several years of supposition 
that they existed, viruses were probably first discovered by 
Iwanowski in 1892 when he was tiying to solve the mosaic disease 
of the tobacco plant. Importance of Inglicr forms of life in 
animal and human disease had prompted every effort possible to 
reveal a bacterium as the cause. All these efforts were to no 
avail. Iwanowski did discover that tlic juice of crushed diseased 
plants would reproduce the disease when applied to a healthy 
plant. Having shown that this filtrate contained no bacterial 
cells or cells of other forms of life, Iwanowski concluded that an 
invisible agent was present which could pass throueh very care- 
fully made filters. Furthermore, he produced evidence that the 
“filtcr.Tble entity” multiphed in the plants. Although this was 
a cpoclial discovery, the final and comincing proof came when 
Bcijcrinckin 1893 studied the problem. He confirmed Iwanowski’a 
observations and called the agent a living “fluidum contngium." 
When passed through a sterile porcelain filter the juice of the 
diseased plant, although dewd of bacteria, retainctl its infective 
properties. The virus was dried at -lO’C. without losing its 
infective power, but quickly lost its acthity when boiled Pince 
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Fjq. 24. Vaccinia BoJim (\'inis) Magnification 25,000 X. [CourUty of 
Sharp, Taylor, Itook, and Btarti, IQ4S) 

living cells and are thus like some of the viruses Since they are 
a little smaller than bacteria, they arc intermediate between them 
and graaller forms such as filterable viruses 

INCLUSION BODIES 

Inclusion bodies are microscopic bodies which appear in the 
cytoplasm or nucleus, or in both Xot much seems to be knoi\n 
about them Pume believe that they may bo the filterable virus 
particles, \vhcrca<! others claim that thev may be dcKoneration 
products Pome of them arc probably granules and other bodies, 
as mentioned on page 81 The "Xegn body” observed in liniiti 
tissue of animals nffcctcd with rabies and “Bollinger bodies’’ in 
fowl-pox Ic-ions arc examples Just what these bodies arc and 
what llieir function is arc not known Fume investigators arc 
relating them to the vinis which causes disease in animals 
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CHAPTER 5 

MORPHOLOGY OF BACTERIA 

Many difficulties arise in the study of morphology of bacteria. 
Although some of them seem to be almost insurmountable and 
have caused pronounced differences of opmion, much has been 
learned about these microscopic organisms. The first difficulty, 
more apparent, perhaps, to one who is just beginning to study 
bacteria, is their small size, but improved microscopes and even 
methods for isolating and studying single cells have helped to 
overcome it. Much knowledge of bacterial cells has come from 
observations on great aggregations of single cells, knowledge 
about morphology has had to coroc from examination of isolated 
cells by means of the microscope. Such methods have disad- 
vantages even though they have made possible the securing of 
considerable accurate information. It is almost impossible for 
the bacteriologist to make observations on a large scale He 
must be content, under ordinary circumstances, with observations 
on many cells at the same time. 

Another disadvantage is the fact that these small single-celled 
microorganisms are quite likely to assume new characteristics 
when grown in the laboratory away from their natural habitat. 
New generations follow one another with great rapidity, and new 
characteristics may be acquired quickly. 

Much of what is known about morphology of bacteria has been 
learned by means of the optical microscope. Introduction of the 
electron microscope will undoubtedly correct and greatly amplify 
our knowledge. 

Cultural Study of Bacteria.* In order to be studied for char- 
acteristics discussed in this chapter, microorganisms roust be 
"cultured" in the laboratory, that is, grown in suitable food 
materials in pure culture. TTiese cultures arc studied for growth 

1 Details of hactcnoloeical tcchnjc are given in the author’* "Practjcal 
Bactcriologj-,” published by TVilejr 



70 .Monrnoix)r.Y or uactoiia 

chnractoristics, and ccHh are taken from them for examination 
under the microscope. Of these observations vlildi arc made in 
tlie laboratory, a few are discussed here to illustrate how micro- 
organisms arc studied. 

Fermentation Reactions. These involve metaholicm of various 
pure sugars under conditions which permit ok-en-ations as to 
grouth and acid and ga.s fomiation. If, for example, one species 
of bnclcna forms acid and gas from sucrose and another docs not, 
this IS a method by uhich they may be {lifTerentintcd. In addi- 
tion to sucrose, oilier .sugars 1003* be used which make various 
fermentation cornliinations possible. 

Colony Characteristics. M*hen a single cell or group 0/ cells is 
deposited in or on a semi«oIid culture medium such ns gelatin or 
agar, they increase rapidly m numbers under proper conditions 
to form a colony. These colonies are more or less characteristic 
for each species a lien they are devefopc<l under similar conditions 
oven on plain solid culture medm. 

Special ingredients arc often added to the solid medium to give 
the colonies further characteristic appearances. For instance, 
lactose and the <lycs cosin an<l methylene blue arc added to plain 
agar medium to make possible dilTcrcntiation of Esebcrickxa 
coli from Acrobacicr acrogcncs. The details of this differ- 
entiation may be left for those ulio study microorganisms in 
the laborntor}'. 

Growth in Other Culture Media. Plain broth, much like beef 
bouillon, is also used as a differential medium. Various types of 
growth arc possible. Some bacterial sjiccics grow on the surface 
forming what is called a pellicle. Other species grow cvonl)' 
throughout the medium witli no surface growth. 

Special substances such ns sodium nitrate arc added to plain 
broth. B3’ testing for presence of nitrites after incub.ation for a 
da3' or so, information is secured with respect to reducing proper- 
ties. H5'drogcn sulfide formation ina3’ be delected by suspending 
a piece of bibulous paper impregnated with lead acetate above the 
medium during incubation. 

Examination 0/ Morphology. Tliesc observations are made on 
cells from culture media. Thc3’ may be c.xaniined in two wa3's, 
unstained and stained. Results of examination of stained cells 
must be interpreted wdth caution because staining might alter 
their appearance. 
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SHAPE AND SIZE OP BACTERIAL CELLS 
Shape. Bacteria differ markedly in shape This characteris- 
tic was one of the first to be used for classification. Three general 
shapes are commonly recognized by bacteriologists. They are 
illustrated by genera in the folIoTving families: 

CoccQccac ’ Round or epherical cells 

Baclcnaceac. Rod or c^iindncal-shaped cell5. 

SpmUaceac. Spiral-sliapcd celli. 

The simplest form of life is the round cell. Rod-shaped cells 
are more complex, and spiral-shaped rods still more so It is 
interesting that in the bacterial world the same increasing com- 
plexity m form is seen as is seen in the world of macroscopic 
organisms 



Fio 25 Shomng Chains of Streplococcus lacUs. India-ink preparation 
(.1/lrr OrIo-/en*fn) 

A. CrtU from • broth culture, three deyv st 10* C. H. cell* from a broth culture, 10 da3i it 
lire 


Cell shape IS usually constant for each species of bacteria; that 
is, each species lias one shape in %thich it has been recognizctl 
in tlic past Recent contributions to the literature, however, 
have shown tliat stune species may prow alternately m different 
shapes For m^t!ince, I'v.ans reported a rod-shaped liactenuin 
whicli existed al-o a« a streptococcus nntl ns a filtornble form 
Many oilier ennlnbution* show .‘omewhat genera! confirmation 
for lhi'< altcrnafion of slunpcs which is now cunsulcrcd by some 
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investigators to be part o£ ft "life cycle” The student who is 
studying bacteriology for the first time need not be unduly con- 
cerned with this until he is ready for advanced work in the science. 

Sire and Weight of Bacteria. Bacteria are very small organ- 
isms — so small that they arc invisible to the naked eye. This 
fact delayed their discovery until special instruments had been 
devised. The microscope revealed this world of microorganisms 
for study. Their small size necessitated a new unit of measure- 
ment, since to express their dimensions in the older units would 
cause a great waste of time and great possibilities of error. Con- 
sequently microscopists introduced a new unit, the micron, which 
was defined as 1/lOOOth of a millimeter or about 1/25, 000th of an 
inch. The Greek lower-case letter mu {#t) is taken as the symbol. 
There are also other ways of expressing the small size of bacteria.* 
Conn in his "Practical Dairy Bacteriology," stated that a drop of 
milk may contain as many as 100,000,000 bacteria, and a particle 
the size of a pinhead 8,000,000. 

Although bacteria vary widely in size and weight, many of 
them are within rather narrow limits. The average bacterial cell 
is about 0.5 micron in diameter and 1 to 1.3 microns in length. 
On both sides of tliis average are microorganisms which are dis- 
tinctive for either their small or large size. Dialister pneumo- 
sintes, isolated from certain respiratory infections, is 'one of the 


2 Microscopists and physicists who work with very snaall beings and par- 
ticles have had to use new units of measuremeot. It might be useful or 
interesting, at least, to define severs! such units. 


Micron (n) — I/lOOOth of a millimeter, or 1/25, 400th of an inch. 

Millimicron (m/t) — 1/1,000,000 of a millimeter. 

Angstrom — 1/10,000,000 of a nulliraeter. 

Objects measured in microns are visible with a microscope. An ordinary 
microscope cannot distinguish particles of less than 0 13 micron in diameter. 
Very fine dust particles have a size of about 2 microns. Particles less than 
4 microns in diameter show the phenomenon of Brownian movement. It 
is interesting to see the sizes of different cells and particles measured by the 
units commonly used: 


Hydrogen molecule . 
Water molecule . . 
Chloroform molecule 
Bacteriophage . . . 
Starch grains .... 
Red blood corpuscles 


0067 

0 800 iDM 

20 to 40 mi* 

5 to 7 ft 
7 . 5/4 
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smallest organisms that has been described. Its size is given as 

0 15 micron m diameter and 0^ micron in length. Spirillum 
colossum has cells which were reported as 3.5 microns long. 
Clostridium giganteum, as the name indicates, is a very large 
microorganism v.hich may vary from 0.75 to 2.0 microns in 
diameter and 8 to 10 microns in length. Another large bacterium 
is Bacillus butschlii, reported to attain a cell length of 60 microns 
and a width of 5 microns. 

The size of the cell varies with many factors. For instance, it 
is known that cells may grow after division so that age is impor- 
tant. Cells which have resulted from binary fission are young 
cells and must develop into mature cells before they also may 
divide. Evidence has been published that bacterial cells pass 
through about the same stages as are recognized for higher forms 
of life, that is, infancy, adolescence, maturity, senescence, and 
death. State of nutrition, as would be expected, also has some 
influence. 

MacNcal, Latzer, and Kerr, using Escherichia coli in one 
experiment, found that 55 X 10" cells (5,500,000,000,000) were 
required to yield 1 gram of bacterial substance on the dry basis 
Other experiments yielded data which were not widely different. 
Jordan in his contribution to that interesting book, “The Nature 
of the World and of Man,” slated that 12,000 cells of Ebcrthella 
typhosa would extend an inch long and tliat a cubic inch would 
contain about 8,000,000,000,000 such ecu'!. 

Rubner reported specific gravity of bacteria to be between 
1 038 and 1 0G5 Another investigator placed the limits at 

1 120 and 1.35. Kendall lias stated that 1,600, 000, 0(X) cells of 
Eschcnchia coli would weigh a gram. Winslow stated that 
400,000,000 cells could be packed into a space occupied by a grain 
of sugar. Such statements help one to visualize their small size. 

Relation of Cell Surface to Mass. Verj* important in nutri- 
tion and energy relationships is surface area of cells of micro- 
organi5in‘<. This determines in a large way the amount of food 
which must be u«cd because the greater the surface areas, tlic 
greater is the possibility of loss of heat and cnerg}’ by radiation. 
That IS the reason why one bacterium has been reported to use 
its own weight of food every hour and why these small single- 
celled organisms arc so destructive of organic matter. They 
require large amounts of food for cnergj*. 
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Variations in Morphology During Growth. Cell shape and 
function arc not constant characteristics. They change with the 
age of the culture. This is quite apparent when the cells arc 
dividing by ordinary fission. The two ccHg formed from the 
first cell must increase to the size of the parent cell before they, 
in turn, divide. At later stages of gro\vth tlie cells in a culture 
decrease in size and become quite uniform. If the species is a 
spore former, spores will appear in abundance at this time. 
Staining properties of cells vary with age. During the early 
phases of growth they stain evenly to become barred and granular 
in the later phases. In view of these changes, microbial cells have 
been said to pass through the normal phases of growth for living 
organisms. Variations in appearance of cells «hicli have caused 
so much discussion among bacteriologists might be explained in 
this manner. 

Bacteria are such small organisms that it has been impossible 
to find m them the various mechanisms and organs which arc 
admitted to be in cells of higher organisms. However, great 
progress has been made toward the solution of what at first 
seemed unsolvable problems. Less definite information is avail- 
able for bacterial cells than for yeast and protozoan cells. One 
difficulty IS the necessity of staining bacteria to make them more 
easily visible. Staining causes changes in the cells which may 
give them appearances verj* different from the unstained condi- 
tion. Unstained bacterial cells reveal very little differentiation. 

Cytoplasm. Bacterial cytoplasm is probably little different 
from that of all cells. It consists of protoplasm having tlie gen- 
eral properties of this substance. Within the cytoplasm are other 
organs which arc discussed in the following paragraphs. JXost 
studies which have been made on this substance have involved use 
of very large bacterial cells. In 18S9 Biitschli studied the struc- 
ture of Chromatium okenii, in which he distinguished a central 
body and parietal layer. The central body, by means of hema- 
toxj’Iin, was reported to possess a structure sho^m in Fig. 26. 
Granules, to which he gives the name “red grains,” were also 
seen in it. This central body was thought to be the nucleus, and 
the parietal laj’er tlie cytoplasm. Bulschli’s statements have 
been the subject for considerable discussion. Granular bodies or 
“cell inclusion bodies" in cytoplasm may be due to any of the 
following agents or bodies: 
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1. Metachromalic granules. These are sometimes called polar bodies 
when massed at the ends of the cell. Tho' are demonstrated by treating 
the bacterial cell with methylene blue, the granules staining differently from 
the cytoplasm Metachromatic granules may 
also be distributed throughout the cj'toplasm. 

The real function of metachromatic granules is 
probably not known Some have believed 
them to be reserve substances They are prob- 
ably identical with the I'olulin of Meyer 

2. Glycogen This ls a carbohydrate, found 
m In er cells of higher animals and aL<o m many 
microorganisms, being especially abundant in 
yeasts. It is a rescue substance plentiful m 
well-nourishcd cells, and scarce or absent in 
starving cells 

3. Fat droplets or globules These are also 
reserve substances. 

4. Aetd^/ast particles Acid-fast bacteria are 

those which are decolontcd by strong mineral 
acid soUitioas with considerable difficulty Tliey 
are therefore said to bo This property 

has been attributed to acid-fa«t particles in the 
cytoplasm What those particles are may not 
bo known. Some inic-stigations would indicate 
that they arc lipia-protcin combioatioos 

6. SuljuT granules or iron granules. These 
bodies arc especially common in colls of (he so- 
called higher bacteria The sulfur in sulfur 
bactent appears as droplets or globules which 
may be dissolved The sulfur is stored during 
times of plenty and u^ed up during periods of 
poor nutrition. 

Cell Wall. The cell wall of bacteria 
is a protective covering secreted by the 
cytoplasm As far as is known all bac- 
terial cells possess cell walls which give them definite form, 
shape, and turgor. The cell wall should be looked on as scmi- 
pcnneablo, througii which food and waste products pass in the 
general life processes of the cell 

The structure of the cell wall on certain large forms has been 
studied by bacteriologists Such studies nccc'sitatc use of special 
methods to make the cell wall visible. Fischer U'cd pla«moly5i« 
to separate the cytopla«m from the cell wall. After the cjio- 
plasm had been drawn away from it, the wall appeared as a 
delicate membrane still intact. By means of such technic. 





Fio 2C — Chromaltum 
ckenii. [After DHtschhi.) 

A. Iy>Bsitudis»l SetUon, It, 
Ctcpm SeetioD. Tbs etll 
fint killed end ibea (reed 
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Fischer called attention to the fact that cytoplasm in bacterial 
cells was not connected to the wall and that the osmotic pressure 
in bacterial cells was half that in cells of the higher plants, since 
the bacterial cells required solutions only one half as strong for 
plasmolysis. Fischer was unable to distinguish finer structures 
in the cell membrane. 

Capsules. Some bacteria possess a gelatinous coating about 
the cell. This is cither an excretory product which happens to 
be of such consistency that it is held about the cell or an outer 
layer and a constituent part of the wall. It is called a capsule. 
Not all species of bacteria seem to be provided with well-defined 
capsules. The material composing the capsule is of a gelatinous 
mucilaginous consistency causing the cells of a capsulated organ- 
ism to adhere and stick together. This gives what is spoken of as 
zooglea formation, a phenomenon of considerable importance in 
the industries. Capsules were first noticed by Friodlander on his 
pncumobacillus in 1883. 



Fio. 27. Showing Capsules on Cells of Slreptococcua eremons. 
{After Orla-fetaen) 


Several methods are available for determining the presence of 
capsules. Cultural methods usually give the first information 
that an organism possesses a capsule. When the organism is 
transferred from one medium to another, growth is often viscid 
enough to pull out in short strings. Another method rests on 
the fact that the capsule resists ordinary staining procedures 
and consequently appears as an unstained halo about the cell 
Chemic'al studies on the contents of the capsule by early bac- 
teriologists indicated that it was identical with mucin. Recent y 
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H has been reported to consist of galactnns. The contradictory 
data may, perhaps, be due to the fact that the chemical composi- 
tion varies in capsules of different species of bacteria. 

Capsulated bacteria are a nuisance m certain industries u’here 
they may cause serious losses When they occur in flour, they 
may cause a bread defect known as ''ropy bread.” "Slimy” or 
“ropy" milk is the result of development of such bacteria. They 
form a gum in the sugar industry which interferes with ciy'stal- 
lization. The best way to prevent such trouble is thorough 
sanitation and “good housekeeping” in the manufacturing plant 



FlO. 28. Solnttmefto jniHwum Konwkl Ml 6*5 Uitourb Electron 
Microscope X 21,000 {Aftrr Oaylor^ Saertna and Clark) 


Several of the most virulent bacteria are capsulated, including 
those uhich cause lobar jtneumoma (the jincumococcus and 
Friedlandcr’s pneumob.acillusl and anthrax {DaoHus anthracis). 
Capsules appear on CociHus antfiracis only in the ammal body, 
an obsen'ntion nhicJi h-ns fed .Mime to state that cafisuJes pro- 
tect the bacterium against the immune bodies. Supporting this 
opinion IS the obseriation that virulence of bacteria has liecn 
shoun to be related to capsulation Nuncap-ulatcd cells of cap- 
sul.ated virulent species have been sbonn to bo avirulcnt. 

Perhaps related to capsules are the gums procluccd by many 
species of bacteria Tlicsc arc quite important in certain indus- 
tries. They arc probably rclatwl to capsules as far as chemical 
structure is concerned, in that both consi«t of complex carlxiliy- 
dratc<«, llic polysaccharides. When they remain about the cell 
they appc.ar ns e.ip«ules, but nhen they diffii-e aw.ay from the cell 
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and are formed in large amounts th<^' are known as gums. Many 
different gums have been isolated, most of which are named from 
the sugars which they yield on hydrolysis. 



Fio. 29. Showing Capsules on Pneumococcus, T}*pe 1, Swollen by Erposure 
for 3 Minutes to Diluted Kabbit Antiserum Containing Specific Antibody. 
(Reproduced by courtesy of Mxtdd, Ileirimets and A nderson) 


Organs of Locomotion of Bacterial Cells (Flagella). Some 
bacteria are provided with whiplash-like appendages on the cell 
with which they propel themselves through the medium. The 
names ciha (singular cilium) or flagella (singular flagellum) are 
given them. The latter term is most commonly used for bacteria 
while the former is used for protozoa. It is quite probable that 
some bacteria are able to move about even though they do not 
possess definite organs of locomotion. There may be such means 
as a contractile membrane, or a snake-like movement by which 
the cell propels itself through the medium, other movements of 
protoplasm, or other muscular action. Motility seems to be 
related to complexity of structure. The round forms (Cocca- 
ceae) are not motile, the rod forms (Bacteriaceae) show motility 
in many species, and the spiral-shaped cells (Spirillaceae) are 
all motile. 

Since the location and number of flagella on the bacterial cell 
are variable, bacteriologists have used this fact as a means of 
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Fio 30 Flagella on Bacterial Celts (After itigulafrom Schmidt and nV*s) 

A, PttwlomoH/u iifneu>tt\ea «'>lb lophotnehoua aaj;«IU, B, Spii^lum fubrum with ampbitn- 
ebou* OaacUa 
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differentiating species. The adjectives used to denote the pres- 
ence of flagella and their location on the cell when present are: 
Atnehous — absence of flagella. 

Monolnchous — one flagellum on one end. 

Lopholrichous — tufl of flagella on one end. 

Amphitrichons — tuft of flagella on each end. 

Penlrichous — flagella all about the cell. 

In comparison with the higher animals bacteria move more 
rapidly. Lehmann and Freid measured the distance traveled by 
several bacteria. It took Ehcrthdla typhosa one second to travel 
0.018 millimeter. The velocity of motion is dependent on many 
factors such as temperature, age, and state of nutrition. Specific 
data secured with one species ought not to be applied to all 


Fio. 32. Peritrichous Flagella. {From Migula after Schmidt and Tveiss) 

A, Ebtrlhella B, Prolevi vilgarit. 

Flagella are demonstrated on bacterial cells by microscope 
examination only with special methods of preparation and stain- 
ing. Alore important, probably, than any one particular method 
of staining, is to prepare the cells for e.xamination in such a 
manner that the flagella are not broken or disturbed from their 
natural positions. Flagella may generally be assumed to be 
present if the organism is motile, but there are exceptions. ^ 

The electron microscope is now being used for studies of 
cytology of bacteria. Presence of and distribution of flagella has 
been readily demonstrated on certain bacterial cells. Tliis 
instrument has revealed j)resencc of flagella on the sides of cells 
of Treponema pallidum which were heretofore unknown. 
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Pia. 33. Eberthella typhosa, plmantwrum. Reduced from a maRnification 
of xn.ooo 

Showing on bftctfrikl C«lli M revest**! by cltelron uurreorope (Covrfriy •/ J/ydJ) 

Brownian Hoveaent. A phenomenon known as “Brownian 
movement” which frequently complicates motility studies on 
bacteria was announced in 1827 by the botanist Brown. While 
examining fine materials such ns pollen under the microscope, 
he observed that tlicy underwent a constant vibration, tiic degree 
of which increased ns the particles became smaller This 
phenomenon finally became known as Brownian movement, for 
wdiich a number of explanations have at times been olTcrcd. It 
is now believed that the phenomenon is due to bomb.ardmcnt of 
the particle under obecrx’ation by molecules of the liquiil in w hich 
it is suspended. This vibration is also opparent with b.ictcrial 
cells and must be distinguished from real motility — a transloca- 
tion from one p.art of the microscope field to another. 
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Fzo. 34, Trcpontma palltdum and Ltptoipira icterohmorrhagiae as Hevealed 
by the Electron Microscope. (Reproduced by eourtety o] Mudd) 


At Trep«ntma ptillvlum T{eprodue*6 from a magniSrAtion of X 6200 S, heptetptf* 
iettrsJitinorrhsffvte RtproUaec^ from a of X Sptrochutte loee 

their ebaraeteneiw epiral form «h«B drml at all epeeimene muit be »hen e*»nuned wth the 
electron microecope. 

Nucleus. The nucleus is an organ which has a very important 
role in cytology. It i? probably tlic most important organ in the 
ceil, being concerned with reproduction and transmission to the 
progeny of characteristics of parent cell or cells. The question of 
the presence of a nucleus in a bacterial coll is one on which there 
is much discussion. The situation may be analyzed by considering 
the several possibilities which have been suggested. 

3. The bacterial cell is primitive and is devoid of a nucleus. 
By analogy, at least, there is little to support this view beyond 
the fact that a nucleus has not been so satisfactorily demon- 
strated in all bacterial cells as in the cells of higher microorgan- 
isms. Those who contend that bacteria are anucicatc explain the 
bodies reported as nuclei as resulting from the treatment giien 
the cells by heat and stains. It is doubtful what the proponents 
of this view mean by the term “primitive." Certainly a cell 
which can reproduce itself every 30 to 60 minutes, cat its own 
weight every hour or so, and bring about such a great amoun o 
chemical change per unit of time is not primitive. 




SHAPE AND SIZE OF BACTERIAL CELI^ 



Fta. 35. FlaRolla on Achromchacter fischfri a? novcaled by the Electron 
Microscope (After Je^neon, Zuonjktn and IForren) 

In tile study of general btology we Ic.'irn that the nucleus has 
great significance in the life processes of the cell, and its cMstcncc 
is usually admitted Is it reasonable, tlien to cast doubt on Us 
existence if it cannot be shovtn to be present in bacteria as con- 
vincmfily as in yeasts and protozoa, hr instance? 

2. A nucleus is present but is diffused througliuut the cell giving 
what has been called a diffuse nucleus But&clili a ns one of the 
important supporters of this view Lindcgrcn, who has more 
recently cnnvas«ed the matter m light of recent atlvancca m 
genetics, has denied this theory Ho states that those who .sup- 
port it assume that chromatin is an essential nuclear constituent. 
Many cytologi^ts, according to Lindign-n fu\ur the view that 
chrom.'itin not the esseiitm) nuclear MibiUuire (Jene strings, 
and not cliromatin, are e-scntial nuclear consiituents au'l are 
present in all living forms 

3. A nucleus is present nnd constitutes practically all of the 
cell interior 

4. A nucleus, ns in any typical cell, is present. This theory 
then implies that the bactenal cell i-* no different m con-litiition 
from other cells which arc more ca«ily studied Let us c(in“ider 
llic evidence /nun the hilwiralones of Severn] jnvc^ljg.itors 
Ihidics dcmonstralde by the onlinarj* nuclear stain-* h:i%o Iwcn 
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Fta. 36. BanUu$ maztmum bucchaht, Slioning the Development and 
Division (m 4 and 5) of the Chromidial System. {From GuiUtermond after 
Sicelltngrabel) 

reported by many. Dobell, one of the foremost students of 
microbial cytology, believed that bacteria are nucleate organisms. 

Lindegren stated that bacteria may be provided with genes 
which are present in all living forms. Life without them is 
impossible. The gene is a substance in the chromosomes which 
determines specific hereditary qualities. 

Some chemical evidence may also be offered to support the 
presence of a nucleus. Mathews in his ‘Thysiological Chemistry” 
stated that the proteins of the cell nucleus are sharply differen- 
tiated from those in the cell cytoplasm. In the nucleus many of 
the proteins are nucleoproteins in which are nucleic acids. 
Mathews sums up the situation by saying that in the nucleus are 
found nucleoproteins, whereas in the cytoplasm these are prob- 
ably lacking. If this statement is accepted as applicable to the 
bacteria, it may be said that nucleic acids have been found in 
Escherichia coli and Mycobacterium tuberculosis. 

The author believes that several lines of evidence strongly 
support the presence of nuclei in bacterial cells. Ascending the 
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evolutionary line of living organisms, we recognize the presence 
of a nucleus just as soon as oi^msms that may be studied con- 
veniently, protozoa and yeasts, for instance, are encountered. 
The nucleus is satisfactorily demonstrated in the members of 
these two groups, since cells of these microorganisms arc consider- 
ably larger than bacteria and are more easily studied. The 
smaller bacterial cells are studied with more difficulty, and, even 



Fio. 37. Shottnag Cell Diviaon and the Formation ol Entlospores in 
DaciUui Bultchltt. (After Sehaudtnn) 


when the larger bacterial cells are studied, evidence for the pres- 
ence of a nucleus is not quite satisfactory. Recalling the impor- 
tant role of the nucleus in cytology, wc find it difficult to imagine 
a cell without this important organ Summation of the several 
lines of ci'idencc, chemical, staining, as well ns circumstantial, 
justifies the conclusions that bacteria cells arc nucleate. In some 
cases the nucleus may be diffused, m others, organized. 

SPORULATION* OF BACTERIA 
Various forms of life enter stages where their life processes arc 
markedly slowed up but not stopped. These are often referred 
to as resting stages. Certain higher animals hibernate in winter. 
The encysted stage is also present among protozoa, they remain 
*The terra arthrt^orc wa? introduced by early bactenologi«ta for a rort 
of cncj-slcd state among the haelcna This spore w as not formed in»idc the 
cell lAe the cndosporc The cnlirc bacterial cell was behei cd to a.v»me 
the characlcri'tiM of a rporc by forraing a thick wall The term has not had 
wide u.‘age among baclcnoJogwts but is frequently reen in rome of the older 
tcits Lbhnu h.as used the terra for one of the stagei m hn life cj-cle of 
AtotobacUr. In ronUa't to the imn arthra-rore. as ti-M by the older 
baetcnologiM-, M the term cndosporc. The later eporc wai formwl withm 
the cell m the same manner m m known twlaj . The separation of hietena 
into arthro‘poroai and cndo*porous gTOUja « not based on good experi- 
mental evidence 
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in that state until favorable conditions obtain. This makes it 
possible to distinguish two types of protoplasm, vegetative and 

0 0 % 


0 d 



0 A B 

Fiq. 38. A, BaciUua luxosus, Burchard. {After Burefiard) B, Bacillus 
simplex, Gotthcil (Bacillus loxosporus, Burchard). 


sporoplasm. Vegetative protoplasm is the active growing pro- 



Fio. 39. Cfostridium bulyricum (BaoHus 
amylohacter, van Tieghem), Showing Spore 
Formation (After Praxmowskt) 


toplasra whereas sporo* 
spJasm is that which is in 
the spore. Characteriza- 
tion of the spore as a rest- 
ing stage might convey the 
idea that It is absolutely 
dormant. Such is probably 
not the case. The spore is 
composed of living proto- 
plasm which must respire 
as do other cells. It is 
known that tlie enzymes in 
bacterial spores are active 
although probably much 
less active than in vegeta- 
tive protoplasm. 


a, b, Vegetative eella, d, ipore beginuns to develop; 
e-«. further development of epore*. /-A, eporee 
completely formed, a-f, granules stained blue with 


Formation of a Spore. 
Those who have followed 


lodin. h. stained «nth the same reagent devoid of formation of a Spore in 

these granules, ff. cell with two spores ,, i 

a bacterial cell have re- 


ported concentration of protoplasm; this is eventually surrounded 
by a membrane which becomes the wall of the spore. This 
phenomenon was well shown by Schaudinn with Bacillus butschlh. 
Nuclear changes have also been reported in the formation of 


the spore. 
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Spores may be located in the rod in either the end or the center 
In the former case they are spoken of as polar spores and in the 
latter as equatorial spores. Sometimes the spore is so large that 
it distends the cell wall giving the cell a bulged appearance. Such 
a cell is called a Clostridium. This cell shape has been charac- 
terized in different ways by the early bacteriologists. Some of 
these names used in modern literature, such as drumstick when 
the swelling is in one end, and spindle-shaped when the swelling 
is in the middle. 

Structure of the Spore. Marked resistance of the spores to 
unfavorable agents would suggest that they might possess cell 
structure quite different from that of vegetative cells. The cell 
wall is probably tlie first part which is of interest from this 
viewpoint. The spore wall consists of two layers. The cyto- 
plasm of the spore probably differs from the cytoplasm of the 
vegetative cell in some way because it is often mure refractive 
under the microscope. It is known to contain less water 

Number of Spores Produced. Generally but one spore Is 
produced by a cell. When an organism is found winch forms 
more than one spore, this is often indicated in tlic name. Kern’s 
Dispora caucasta and Bacillus mflatus arc examples. 

Properties of the Spore. The spore is a very resistant unit in 
the life cycle of the cell. This marked resistance to a variety of 
unfavorable agents is explained in different ways, none of which 
may be the true explanation It lias been suggested that the cell 
"all is thicker and more dense, preventing passage through it of 
unfavorable agents. 

Increased heat resistance of spores has been attributed to a 
lower Water content than that of vegetative cells Tins has 
seemed to be a reasonable assumption because water required 
for coagulation of protein-?, and the more water pre'cnt, the greater 
Would be the protein coagulation If results of a few in\e«tiga- 
tors arc to be accepted, he.it resistance of spore- 1- to be attnbuteil 
to a relatively higii jK-rcentage of w.ntcr in tlic bound state The 
total %\atcr content of a cell consists of free and bounil water 
The latter is bound by the solids m the cell and may be part of 
the cell structure. 

On account of its significance in the food indu'tncs and stcril- 
iiation, resistance of spores to heat is, perhap®, their best-known 
eharnctcristic. As would be cxjicclcd, marked iliffercncc cxi-is 
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in the heat resistance of vegetative protoplasm and sporoplasm. 
Brefeld reported that spores of Bacillus subtilis were killed by 
heating for 3 hours at 100®C., whereas vegetative protoplasm was 
killed in 20 minutes. Spores of Clostridium botulinum arc espe- 
cially heat-resistant. Spores of some strains will withstand 4 to 5 
hours boiling. Thermophilic bacteria have more lieat-resistant 
spores than Clostridium botulinum. The high-temperature 
optimum of thermophiles gives them a long thermal death time. 
Such heat resistance causes the microorganisms to be of marked 
significance in the canned-food industry. While heat has been 
selected as an important agent to which spores ore resistant, they 
are resistant to other agents. Some chemicals have no effect on 
spores and consequently cannot be used with safety for the 
destruction of spore-bearing bacteria. 


0 0 0 6 C3 Cd C==> C ■ I ,T.> C 

Fio. 40 Equatorial Germination of Spores. Baallus tvUtlis. 

(Aflrr Miffuta) 

Germination of the Spores. Spores arc supposed to remain 
dormant as long as they arc under unfavorable conditions and 
to germinate when favorable conditions obtain. This process 
involves renewed activity on the part of the protoplasm in the 
spore, an activity which results in rupture of the spore wall. The 
details of this process as they have been described for certain 
bacteria w’ill not be reviewed. Some uniformity as to the place 
where the spore wall is ruptured to permit the protrusion of the 
germ seems to e.\ist. In some organisms it is in the middle, 
giving what is called equatorial germination (Fig. 40). Usually 
the spore en\'elopc disappears, but one or two species have been 
discovered on which the envelope remains. Another method of 
spore germination was described by Prazmow’ski with Bacillus 
subtilis (Fig. 41). 

Function of Spores in the Life History of Bacteria, '^is 
allows us to consider some of the reasons for spore formation. 
Several may be mentioned. 

1. Spores are formed to carry the cell over unfavorable periods 
caused by lack of food, accumulation of products of metabolism, 
and so on. This, then, places on the spore the responsibility of 
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perpetuating the species under certain conditions It also means 
that only certa^in species are endowed with this ability, for many 
are known which do not form 
spores. 

2. Spores are reproductive 
units. There is little doubt 
about the spore having the 
ability to reproduce and per- 
petuate the species. After it 
has lain dormant for an in- 
definite period, favorable 
conditions will cause it to ger- 
minate, grow, and produce a 
plant structure like that from 
which it originated. In spite 
of the fact that the spore, 
when placed under favorable 
conditions, will reproduce the 
species and thus function as a 
reproductive unit, the fact 
that not all bacteria form 
spores causes some confusion 
means of reproduction a process which is not enjoyed by all the 
members of a group. 

Methods of Demonstrating Presence of Spores. Wo will not 
attempt in this place to enumerate the details of bactcnologic 
technic but merely the principles on which some of the methods 
rest. Most of them are based on, or at least concerned with, the 
resistance of the spore to some agent. 

SUinlng Methods. Spores arc resistant to dyes used for etaining bac- 
teria. Consequently, the eporoplasm remains almost colorless in conlrast 
with the vegetative protoplasm which easily takes the color of the dje 
being used. 

Heat Resistance. Thu method insohes the greater heat resistance of 
spores. A culture of an organism euspeclcd of being a epore former may 
he heated to euch a temperature that the legetative protoplasm would bo 
destroj-ed {65-C0*C for 5 minutes). Spores, if pre«cnl, would rc«L«t euch 
treatment. Con.'cqucntly, if inoculationa from thi.« heated culture into 
sterile media result in growth, one could conclude that the original culture 
produced heat-resistnnl spores This method, of course, is not applicable 
to thermophilic bacteria. In order to tt«c this teat with the*© organisms the 
culture should be boiled 5 to 10 mmute*. 



Fio 41 BactUus subttUs 
{After Praemotc$kt) 


0 . Rip« spors; i, it la pUeed in a outnant 
aolution tlia nfrsetion djaapptan, e, rnlara^- 
meot befina d, the aquaional Saaura la formad, 
•od tba youna R«rm barina to raeape, a, in (h« 
upper roar th* central portion of the srna i« 
juat protnufisc, id tb» lover tow one pole la 
elreedy free /. (he youn< rod ia free, p, it trowi 
to ite normal lire, A, it reproduoee by divieion. 

It seems improper to offer as a 
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Dormancy in Bacteria. Bacteria in both the vegetative and 
spore stage may remain dormant over long periods of time. This 
condition may be due to Jack of something such as moisture in 
the environment. Dormancy has also been observed in culture 
media which arc suitable as far as can be determined. Just why 
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Fia. 42. Banllus cohaerens, Gottlicil (liaciUus bipolaris, Burchard), Showing 
Bjpofar Gcnninat/on of Endosporcs (A/ler Burchard) 

the cells do not develop is not known. When this occurs with 
spores, some have suggested that it is due to the fact that the 
spore is a resting stage, and a certain amount of time must elapse 
before it will germinate It is more diflicuU to explain dormancy 
of vegetative cells 

REPRODUCTION OF BACTERIA 

The simplest method of reproduction and the one which has 
been taught in former years is binary fission. This means that 
new bacterial cells are formed by division of a pre-existing cell 
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Fig. 43. Diagrammatic Illustration of Cell Division. {After Migvla) 

A, Itod-ihaped fielU, B. round cells, C, round eelU ahowins sarcinn grouping. 

into two cells. These progeny then grow into cells like the 
original one. With rod-shaped bacteria impending division is 
first noticeable with the appearance of a stricture in the cell wall 
which becomes more and more marked until the cell breaks at 
this point (Fig. 43) . For this reason bacteria are often called 
fission fungi They resemble in this respect certain other forms 
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of life, such as Tonxlae, and certain protozoa. This method of 
reproduction is asexual and the characteristics of tho organism 
are handed on almost in their entirety. The progeny may sepa- 
rate and exist as separate units or they 

may exist together in characteristic CCOCCXlX 

groupings which arc given on page 178 QStAAlM 

Bacteriologists have come to recognize | 

in them a means of distinguishing one 00 
species from another. * 

Evidence is also available that bac- O 
tcria may reproduce in other ways ^ 


more complicated biologically than 
simple binary fission. 

branching and Budding The cells 
of Ebertkella typhosa and a few 
closely related species were shown by 
Hart to bud and send out branches 
Buds arc round protrusions on the 
cells which may break off to exist 
alone. In some cases the branches 


Fia 44 Sarcina lenlneuti 
Goodsir. From the contents 
of a di«ca«ed stomach 
[F rom Sckmull and Wei$$ 
afttr Zopf) 

o. SiDglt cell. ft. tbe Mtne tltn 
Oi«i»ion in one direction, e, tb« 
eeme tfter division in three di« 
rMtions, i, pocket of eeUa. 


may segment, and cells result which may undergo binary fission 
Old cultures and cultures under unfavorable conditions may bo 
rich in these forms, n fact which troubled early workers so much 
because they assumed that bacterial cells always had one shape 
^liich was quite constant. 

Symplasm. This is an "amorphous” or ‘‘symplastic stage" 
resulting from a melting together of the contents of many cclh 
individuals have been said to develop from symplasin in 
different ways. Uegenerative units appear first, thej' develop 
into regenerative bodies. Lohnis and Smith pa\c the “.'ymplastic 
f'tagc” an important place in their life cycle of bacteria It 
has been obscr%’cd by many investigators m cultures of various 
hactcria. 


Goni'did. These arc reproductive units and have been said to 
ho related to the symplastic stage. They may dc\clop into 
mature colls in the organized stage. Some of the gonidia arc 
filterable and may, therefore, be one explanation of filterable 
forms Gonidia develop into normal forms. 

Sexuality in Bacterial Reproduction. Early baclorioIoKi^t? 
believed that bactcri.a were devoid of sexual jiroccsscs which arc 
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other elements arc found. Elements which arc present are deter- 
mined somewhat by the chemical composition of the medium in 
which the cells have been propagated. Storage of cells in physi- 
ological sodium chloride solution, for instance, increases the 



Fig 47. Vtbno comma. Cells dried from distilled water; reduced from a 
magnification of X7400. 

SbowiBg flagella on baetenalcella ai revealed by tbe electron mieroBoope ICowrtm/ of Mudd) 


sodium content. Such would probably be true for most of the 
common soluble salts. Larson and his colleagues have stated 
that two types of salts exist in bacterial colls, free salts and fixed 
salts. Free salts are those which are easily removed by washing 
and consequently are transient salts in the cell. Their concen- 
tration is perhaps somewhat dependent on the salts which are in 
the medium about the cells Fixed salts are those which are 
bound into the cell material. They arc structural salts which 
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cannot be removed from the cell by washing. Such a distinction 
explains some of the contradictory data on salt content of 
bacterial cells reported in the literature. 

The effect of culturing bactena in various media is well shown 
by the information collected by Danson m Table 1, especially 
the data on fat content which is dependent on certain constituents 
of the media. The members of one group of bacteria contain 
much more fat than ordinary bacteria and are known as “acid- 
fast." 

Chemical analysis of bacteria requires their cultivation in large 
amounts This is not difficult. They may be gronn in liquid 
media or on the surface of solid media Removal of the cells 
from liquid media may be accomplished by filtration. This is a 
method used by manufacturers of pressed yeast to remove the 
yeast cells from the medium in which they have groiin. The 
suspensions may be further concentrated by centrifugation 
Removal of growth from the surface of solid media 'may by 
accomplished by scraping or by means of a suction device. The 
colls may then be washed and prepared for analysis. 

Chemical ComposUioa of Different Parts of the Bacterial Cell. 
The bacterial cell being made up of various organs woultl not 
he expected to have a homogeneous chemical composition. Each 
of tlie various organs has been examined for its own chemical 
make-up. 

Cell irnlZ. Much discussion has centered about the chemical 
constitution of the cell wall and the presence of cellulose and 
chitin therein. Some liavc behexed that the behavior of bactena 
might be explained by knowing more about its composition. On 
the basis of tlic prc-cncc of ccllulo«c, pl.ant colls ha\e been 
(lifFcrcntialcd from animal cells Cellulose has not been demon- 
strated in most bacterial cells, in a fexv, however, it or .a siib’-tnncc 
chemically similar to it has been reported. Cellulose has been 
reported in ^fl/cobactcr^urn tuberculosis, Cor}/ncbaclcnum dtpft- 
tficnoe, and oilier microorpam-ms. Cellulose would add to the 
protective properties of the cell wall and in this respect is not 
an uncxpcctetl substance. The presence of cellulose would tend 
to cinpha'izc the plant elmraelcri«ties of the b.'ictcria 

Another substance of significance in protective cox'crings is 
ehitin. It present in the thtlls of certain anmi.als and has be<'n 
reported m Acclobacfer xylinrirn, JlacHlus nnlhracis, and other 



CHAPTER C 

VARIABILITY OF MICROORGANISMS 

All forms of life tHfTrr in one or more clmrnctcristics. At one 
time f«ome microbiologists believed (Imt tlic vnrious species then 
known were simply <iin‘crent gnnvtii forms of one species. Others 
believed thni orgnm-m* could elmngc their s-bnpc nt will. These 
individunls were called pleomorphiaU. Fischer chnrnctcrired their 
opinions ns follows. “The picomorphists maintained that a coccus 
did not nccfscarily rem.nin a coccus its life Jong, but it could under 
certain conditions stretch itself and assume the sliapc of a bacil- 
lus, llint this again could become curved and rJinngc into a vibrio, 
to return again later on to the coccus form that it commenced 
with. iVords like Micrococcxtt, lioriHus, Vibno, Spirillum were 
in the eyes of the plcomorplusts worthless designation of transient 
changes m sliape.” This represents a eonfu*ed state of knowl- 
edge which is not unlike that through which many other sciences 
have pas.«cd. Siicfi a conception of nature and life had to pass 
because it was the wrong approach to biology as wo know It 
today. Nature docs not work ns the early microbiologists 
believed. Sonic of the confusion was enu'-ed by mixed and con- 
taminated cultures, poor microj-copcs, and faulty interpretation 
of results of obsciwations. 

The pendulum soon went to the other c.xlrcmc of monomor- 
phisni. Bacteria were then believed to have but one shape which 
was constant. This view was supported by Robert Koch in 
various publications. Ills reputation ns a bacteriologist in the 
1880’s gave his opinions great weight. This hard and fast con- 
ception of structure and function of bacteria was also incorrect, 
and it became neccssarj' to find explanations for variations which 
were not only to be c.xpectcti but were oven observed. Robert 
Koch’s greatest contribution to the eontrox’crsy was his introduc- 
tion of a semisolid culture medium (gelatin) that made it possible 
to secure pure cultures, a feat which had not been accomplished 
with certainty before. From observations which were thus made 
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possible, bacterial species were seen to bo more stable than they 
had been believed to be. This conception, of monomorphistn 
remained until about 1916, when a newer plcomorphism and 
probably more sensible one started It should be mentioned that 
the modern plcomorphism is quite different from that of the early 
workers of several hundred years ago Although it is now gen- 
erally admitted that bacteria vary greatly in shape and function, 
considerable difference of opinion has existed concerning explana- 
tions. Many terms have been introduced by diffcicnt investiga- 
tors. Some of them have come from studies m genetics of higher 
plants and animals. Others have been coined to meet immediate 
problems. The variations which we arc considering may be 
profound and rest on fundamental bases, or they may be transi- 
tory and result from temporary stimuli in the environment. The 
former arc genetic alterations and arc relatively permanent. The 
latter arc transitory. 

The whole subject of variation is important in di/Terent ways 
It is interesting biologically because microorganisms may be used 
as experimental animals for studies in genetics They are single 
celled and reproduce verj* rapidly. Tliey respond quickly and 
profoundly to stimuli in their environment It is po>siblc to 
isolate single cells and propagate nhat may definitely be called 
"pure lines.’' 

Variation may be considered with respect to any salient char- 
acteristic. Morphologic variation has been given most attention, 
to the ilctrimcnt of other characters Antigenic and physiological 
variations arc rccognircd, but much less is known about them 
Much attention was given several years ago to colony variation. 

Involution Forms. Tins was the first attempt to explain 
variations from what '%as l)clic^^d to be the normal form and still 
retain the conception that bacteria were constant m stniclure 
and action Niigcli introduced the term “involution forms” in 
1877 for 8o-calIc<l defttrmed alnTrant forms that are often seen 
in all groups of Ining being?. One wntcr referred to them as the 
halt and maim of tlic Iwcirrinl world, which indicates quite well 
what they were con*rdcre<l tn lie Involution hn« ju«t tlie 
opposite meaning of evolution. It refers to a return to some 
earlier form, a regre««lon, whereas evolution mean* dcvchipment, 
advancement, and improvement- Karly hactcrioIop«(p were 
wont to call any dcvunlion from what they lielic^cd to 1 k‘ tlic 
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normal form an involution form. Such a conception was predi- 
cated on the belief that bacteria were constant, a conception 
contrarj’ to good biology. 

The idea has also grown that involution forms are devitalized 
decrepit forms. It should be remembered that the term “involu- 
tion form” refers only to appearance. It has nothing to do with 
physiology unless it is so indicated. Abnormally shaped cells 
which occur in fresh young cultures of certain bacteria are far 
more difficult to explain. Bacteriologists ordinarily assume that 
young cultures of bacteria held at the optimum temperature are 
most active and normal in every respect. However, with certain 
bacteria such ns Azotohaclcr, it is sometimes impossible to secure 
cultures free from those abnormal forms commonly referred to as 
involution forms. Under such optimum conditions, is it right to 
consider them as decrepit, diseased, or weakened forms? Such 
observations cause one to wonder just how useful the term involu- 
tion form is, whether it should be retained with its old meaning 
or replaced by newer terms which more adequately fit the facts. 
Since Nngcli gave us the term newer explanations for the observa- 
tions which promoted him to introduce it arc possible. 

The shortcomings of tlie term “involution form” caused observ- 
ing bacteriologists to study abnormal forms in cultures. They 
soon found that they were abnormal only because some other 
form was arbitrarily considered to be the normal form. From 
these more recent investigations a nero pleomorphism has devel- 
oped — that bacteria vary within certain limits as do other groups 
of living beings It is wrong to consider a form weak and dis- 
eased because it does not have the shape which one considers 
normal. Degenerate forms may be just as active physiologically 
as the latter. In some cultures they are always present, which 
would seem to indicate that they arc to be expected and have a 
regular place. 


VARIOUS EXPLANATIONS OF MODERN 
PLEOMORPHISM 

Once it was established that bacteria varied widely in morphol- 
ogy, attempts were made to explain these variations. Some o 
them, of course, are quite transitory, owing to temporary effects 
in the environment. They disappear readily when the stimulus 



EXPLANATIONS OP MODERN PLEOMOUPHISM 107 

is removed. Earlier writers used various terms for them such 
as fluctuations, impressed variations, and modification. 

Mutations. These explanations have come to microbiology 
from investigations with higher forms of life. The mutation 
explanation originated with de Vnes who believed that new 
species were formed suddenly ndtli well-marked characteristics of 
their own and that they differed distinctly from the parent strains. 
It is less well illustrated with microorganisms than with higher 
forms of plants and animals With the latter abrupt variations 
do occur, and they are markedly heritable. 

Transmutation of Species Among Bacteria. Early bacteri- 
ologists thought they had observed change of one species of 
bacteria into another Although this may be possible, a plausi- 
ble explanation of their observations is that they were working 
with mixed cultures. At one time one type or species was 
dominant in their cultures; later another with a different shape 
may have overgrown the first Confusion resulted which was 
easily explained as transmutation— change of one species into 
another. Although transmutation is possible today, it is prob- 
ably taking place very slowly and may be restricted to a few 
species. It is an interesting situation to think about. 

Modifications. These are the variations which occur when 
individuals of the same genotypic constitution are subject to 
different environments without changing their genetic constitu- 
tion and without producing lasting changes in their cytoplasmic 
constitutions (Lindcgrcn) These arc transient variations caused 
by some stimulus in the environment such as presence of undue 
amounts of salt, higher temperatures, or a cell poison such as 
mercuric cliloride. When the organism is again cultivated in 
absence *0! tliese, it reverts to what was considered the normal 
form 

Microbic Dissociation. This term which has been widely used 
for explaining some dcp.artures from norm.al implies that bacterial 
species arc dissociating into new* forms which arc more or less 
permanent This phenomenon of “microbic dissociation’’ hn« 
been studied mainly from the types of colonics formed on solid 
culture media in Petri di«h preparation^. In general, two types 
of colonics arc recognized, rough and smooth Tlic snioofft 
colon!/ is ju'‘t wliat the name indicates; it is smooth, moi>t. of 
even form, and convex in thape. Tlic rough colony !■> quite the 
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opposite It has an irregular surface, often wrinkled, and also 
ii quite irregular edge. It is usually quite dull and dry. An 
interesting question is whether these colonics breed true— whether 
tlie cells in rough colonics always give rough colonics or whether 
smooth colonics always come from smooth. Such, however, is 
not the case. It has been found that single cells from colonies 
of both typos may give cither type. 

To some extent, the cells in both colonics have been found to 
differ fundamentally In some cases the cells differ so in appear- 
ance under the microscope that they would not be considered to 
be from tlio same parent strain if such relationship were not 
definitely known. Other characteristics may also be altered, 
but they need not be discussed here. These may be left for more 
advanced study. Certain it is that some of the alterations just 
discussed arc closely related to cell physiology. For instance, the 
S and R forms differ antigcnically, indicating that profound 
changes have taken place in the cells of the two strains 

Life Cycles. The fact that certain bacteria, even when culti- 
vated under the most favorable conditions, show the presence of 
abnormal forms has prompted a few investigators to study 
them. Lohnis and Smith, after studying 42 strains of bacteria, 
believed that they passed through various stages which consti- 
tuted a life cycle or series of stages In which one form followed 
another m approximation to some definite order. Life cycles are 
known among higher forms of life. The malarial parasite, for 
instance, lias a life cycle involving several hosts. The life cycle 
of the butterfly is more striking on account of the great variation 
in shape and habitat of its several stages. The life-cycle hypoth- 
esis for bacteria has not been generally accepted, despite the 
fact that, as we come up the evolutionary line of living beings 
to forms which are easily studied, even certain microscopic forms, 
complicated life cycles arc recognized. A few paragraphs may 
be quoted from the first paper by Lohnis and Smith. 

All bacteri.'i studied live allemately in an organized and in an amorphoi^ 
stage. The latter has been called the “symplastic” stage, because at t is 
time the living matter previously inclosed in the separate cells un ergoes 
a thorough mixing either by a complete disintegration of cell wal], as we 
as cell content, or bj' a “melting” together of the content of manj « 
which leave their empty cell walls behmd them. In the first case ^ 

stainable, m the latter ca‘.e an unstainable “symplasm” is pro uce . 

According to the different formation and quality of the symp asm le 
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development of new individual cells from this stage follows various lines 
In all cases at first "regenerative units” become visible These increase m 
size, turning into “regeneratiie bodies,” which later, either by germination 
or by stretching, become cells of normal shape In some cases the regen- 
erative bodies ako return temporarily mto the symplastic stage 

Besides the formation of the symplasm, another mode of interaction 
between the plasmatic substances in bacterial cells has been ob'iorved, 
consisting of the direct union of two or more indn idual cells This "con- 
junction” seems to be of no less general CKCurrcacc than the process first 
mentioned The physiolt^cal significance remains to be studied. 

All bacteria multiply not only by fission but al-o by the formation of 
“gonidia”; these usually become first regeneratne bodies, or occasionally 
exosporea Sometime.? the gonidia grow directly to full-sized colls They, 
too, can enter the 6ympld.stic stage The gonidia are either liberated by 
partial or complete dissolution of the cell wall or develop while still united 
with their mother cell Iri the latter case the cell wall either remains intact 
or IS pierced by the growing gonidia, which become cither buds or branches 
Some of the gonidia are filterable They abo produce new bacteria cither 
directly or after having entered the symplaslic stage. 

The life cycle of each species of bacteria studied is composed of several 
subcyclca showing vvide morphological and phjsiological differences They 
are connected with each other by the symplastic stage Direct changes from 
one subcyole into another occur, but they arc rather rare exceptions The 
transformation of spore-frcc into spore-formiog bacteria seems to be 
dependent on the conditions acting upon the symplasm and regenerative 
bodies 

The discovery of the full life cycles of bacteria may be helpful in many 
directions Systematic bacteriology now can be established on a firm 
experimental bn-is rhy«iological studios will win considerably in con- 
formity and accuracy when connected with morphological mve-’tigations 
along these new lines Several problems lu general biology arc brought 
under more promising aspects Agricultural loctcnology and medical aUo 
will derive much benefit 

Another investigator used the term “life histories" for the same 
phenomena. 

Cyclogeny. Tliis explanation is much like the “life cycle " It 
is a hyptithoticnl arrangement of different developmental phases 
of n bactcrutm and attempts to explain variations in cultures 
Into this cNplanation, Enderlom the author of cyclogcny brought 
much more tlian proponents of life cj’clcs attempted to do lie 
provided for sexual repriKluction of bacteria 
Cytomorphosis. This explanation of variations in inorphology 
relates them to ecll changes which occur during growth, «cncs- 
ccncc, and ilcath, a process callcxl c}/foi«orp?iosi« Once a cell 
has been ‘‘born" it starts to develop through a growth cycle m 
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which arc various sliapes. This is just another explanation of 
the varied forms which were called involution forms by earlier 
investigators. Henrici, who adapted this tlicory to the bacteria, 
believed that it explained the wide variations in form and struc- 
ture of bacterial colls better than the other explanations here 
described. 

Genetic Variation. Variations have also been explained by 
Lindegren on the grounds tliat they arc related to genetic com- 
position of bacteria. A sensible approach to this whole situation 
would bo to place it on a genetic basis and to accept the explana- 
tion that bacteria arc susceptible to the same laws of heredity 
to vhich higher forms are susceptible. Bacteria diiTcr, however, 
in that they multiply much more rapidly, and hereditary changes 
arc thus more readily instituted and made permanent. This 
means that the “pure culture" for which bacteriologists strive 
may not bo pure but may have different “biotypes” resulting 
from genetic variation. 

Hybridization. This may be a frequent cause of voriation in 
bacteria whicii arc capable of sexual reproduction, and most of 
them probably arc. Some bacteriologists who arc not good 
general biologists and have not studied the literature may not 
agree with this No good reasons exist for denying bacteria 
methods of reproduction which arc common to other forms of life. 
This has been discussed for the yeasts in Chapter 9. 

A hybrid results from crossing two distinct but closely related 
species. It is known in both the animal and plant worlds. 
In the former the mule is a good example. It results from a 
cross between a horse (mare) and a donkey. It is not fertile 
although there have been one or two instances of fertilization. 
In the plant world hybrid com is produced by crossing two inbred 
strains of corn. The resulting progeny is an improved strain 
but it docs not breed true when it is planted the next season. 

Bacterial hybrids have been reported by crossing Eberthella 
typhosa and Shigella dysenteriae. These would be comparable 
to the hybrids previously discussed. Much more work needs to 
be done on bacterial hybrids. 
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CHAPTER 7 


NOMENCLATURE AND CLASSIFICATION 
OF BACTERIA 

In a former chapter some general principles of classification of 
living beings were discussed. Non the classification of bacteria 
may be considered. DifiGcultics of classification of bacteria arc 
suggested by the number of classifications which have been pub- 
lished and the storm of discussion which each new one stimulates 
This need not worry the student who is beginning to study micro- 
biology, for the situation would be much worse without classifica- 
tions. Such a student need be concerned only with the general 
principles and, perhaps, with several classifications which have at 
times been proposed. Advanced students should give more atten- 
tion to this problem. All scientists arc supposed to try to system- 
atize knowledge. Chemists use periodic tables and group closely 
related elements. They make such groups as halogens, olkali 
metals, heavy metals, and rare earths. Those who work wdth 
living organisms have found it convenient to adopt the same 
practice in establishing groups composed of forms having salient 
characteristics in common. 

Biologists and b.actenologists should support any effort to 
organize tlieir clioscn fields. Students who arc beginning the 
study of bacteriology will find it easier to progress and to incor- 
porate new knowledge. One difficulty causing considerable 
trouble is the fact that a few common bacteria have several dif- 
ferent names. Another is that sonic species arc inadequately 
described. To avoid such situations, those who believe that they 
have discovered n new organism should search the literature of 
bactcriologj* to assure themselves that the organism has not been 
reported before by someone else If such is found to bo the case, 
they should then describe their organism ns completely as possi- 
ble, prepare drawings, micropholograpbs, and stained films. A 
culture should lie sent to a “type culture collection” from which 
others may secure samples Tins original culture then becomes 
the type culture for the species 
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Another reason for interest in cJassification is that bacteria are 
playing greater roles in industries. Some patents are founded on 
the activities of bacteria, and it is necessary to describe an 
organism carefully Patent litigations may center about the 
bacterium involved. If an organism has been carelessly 
described, a patent may bo found to be of no value. Present 
confusion in these matters may be due to the fact that these sub- 
jects have not been discussed sulRcicntly in bacteriology courses 
in the past. 

Dffficultfes Encountered in Bacterial Classification and Nomen- 
clature. Those ^vho have classified bacteria and other micro- 
organisms have always encountered difllcultics This is borne 
out by the many classifications which have been proposed since 
such studies were started. One of the most difficult prohiems and 
one which can probably never be changed is that microorganisms 
are not static citlicr in function or shape. They are continually 
changing. These changes arc accelerated by the fact that micro- 
organisms multiply very rapidly and new characteristics may be 
acquired or lost in a short time. Another difficulty is that shape 
of Binglo-ccllcd organisms is markedly influenced by certain con- 
ditions in the environment, and cell shape has always been an 
important characteristic. 

The discussions in an earlier cJiaptcr on variation in bacterial 
species should suggest a problem for taxonomists. Morphology 
has always boon an important characteristic for classification. 
In fact it was the only one used for many years. Since bacteria 
are definitely pleomorphic, it is necessary to use one form arbi- 
trarily Selected. How can it be proved that this is the best or 
normal form? 

Species of Bacteria. A species (plural species) of bacteria is 
one kind. All bacteria which have the same characteristics are 
considered as belonging to the same species. Related organisms 
or species constitute a genus When a genus contains but one 
species it is said to be monotypic. Exact definition of the term 
species is difficult. Different definitions would be selected by 
different bacteriologists. How greatly must organisms vary to 
belong to different genera? Provision is made within the species 
for slight variations in characteristics without excluding the 
organisms entirely from the genus. These arc called varieties or 
variants, for example, DacHlus subtilis var. thermopkilus. Few 



NOMENCLATURE OF BACTERIA U3 

forms of life are sharply separated from other forms. Usually 
intergrading forms exist which seem to connect to other forms. 
This may be the result of evolutionary processes. 

Nomenclature of Bacteria. This has been a neglected subject 
among bacteriologists. The value of good nomenclature and the 
harm done by ignoring well-established rules have not always 
been appreciated. Fischer stated that the factor to which the 
progress of bacteriology is mainly due has also been a hindrance, 
for we have bacteriologists, agncullurists, brewers, botanists, and 
the like, all \’ying with one another to report new species No one 
should report new species without first making an intensive study 
of the supposed new organism, carefully comparing with all sim- 
ilar bacteria which have been reported by others, and, finally, 
noting essential differences between the new form and those 
already described Reporting of new species should be regarded 
as more serious tlian it is by some bacteriologists. The burden 
of proof that a new species has been discovered should rest with 
him who proposed it. He should not compel others to spend 
months and years to prove that he is wrong As on example of 
the confusion which exists, the various names for Closfndium 
U'dchii may be given: DactUus acrogenes cnpsulatus, Bacillus 
phlegmoms emphyscmatosac, Dactllus pcrfngcns, Bacillus enten- 
lidts sporogenes. Some confusion roust be expected, but the 
present situation may be alleviated to some extent in the future 
if students arc aware of the situation ns it exists today. 

In order to settle controversial questions ns satisfactorily os 
possible, and classification has been one, scientists have resorted 
to international congresses at nhieh rcprc.ecntativcs from all 
nations express their opinions. These have been useful for 
botani‘!ts and biologists, but have not been employed by bacteri- 
ologists to any extent for diseus^ing such questions ns classifica- 
tion and nomenclature * Tliesc congres'cs have not entirely 
eliminated differences of opinion but have resulted in some 
improvement and uniformity. 

The binomial system proposed by Linnaeus has been accepted 
by scientists as the best one for naming living organi«ms Accord- 
ing to this system, each living creature has a name composed of 

'Tbr Fffond Inlrmitionil Mitrohioloc'iral Consrrv mcl m T^ontton in 
the immmrr of 193fl tutl crta*i«lcrr«l qup*tion.« nieirrjo!oei.*la 

c ■ccc;itcd tniny of the niJra sdoptctl by the botanL<Li for namme pbafa 
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two parts — a generic name indicating the genus and a specific 
name for the species. The generic name is always capitalized 
but the specific or species name generally is not. Sometimes the 
specific name is capitalized when it has been derived from the 
name of a town or individual, but many authors consistently use 
the lower-case letter. This is done in the newer classification 
proposed by Bergey and his committee. It is also proper to 
append to the name of the organism the name of the discoverer 
(without punctuation) with the date (set off by a comma), of 
the earliest report in the literature which contains the name, as 
Bacillus anthracis Pollcndcr, 1849. Often one sees the name of 
the author in parenthesis. This means that he proposed the 
specific name but placed it in a different genus than that in which 
it is now placed; the name of the individual responsible for 
placing the organism in its present genus is written after the name 
of the original author of the species. Thus, Micrococcus luteus 
(Schrocter, 1872) Cohn, 1872, means that Scliroctcr gave the 
organism its specific name but placed it in another genus {Dae- 
teridium luteum) Cohn, however, placed it in tlic genus in 
which It now appears. 

The species name need not necessarily be appropriate to 
the organism, although it is probably better if it is. Names are 
only handles which enable bacteriologists to discuss bacteria con- 
veniently with their colleagues. Names represent groups of 
characteristics. They have the same function for bacteria that 
our names have for us Some bacterial names are decidedly 
inappropriate just as are the names of some human beings. How- 
ever, this need not affect the validity of the name if it does not 
violate unduly the well-established rules of nomenclature. The 
species name which gives some information about the importance 
of the organism, if it has any, is more convenient. The name 
Eberthella typhosa is perhaps a good name since it suggests a 
relation to typhoid fever. 

Some bacteria are best known, not by their scientific names, but 
by names derived from some outstanding property. For instance, 
we more frequently hear the expression “tubercle bacillus” for 
Mycobacterium tuberculosis, “hay bacillus” for Bacillus subtilis, 
“potato bacillus” for Bacillus mesentericus, and so on. S^rae 
organisms, such as the “clam bacillus” have not been identified 
and classified and are known only by this so-called pseudo- 
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scientific name. Students who wish to know more about this 
interesting subject of nomenclature should consult the section in 
Bergey’s “Manual of Determinative Bacteriology," 5th Edition, 
1939, "How Bacteria are Named and Identified,” pp. 39-50. 

Names of bacteria are arrived at in accordance with definite 
rules which have been formulated after much discussion at Inter- 
national Congresses. These rules* arc reasonable and should be 
heeded by anyone who is about to name what he thinks is a new 
species. Names of bacteria arc important to bacteriologists. In 
the past much confusion has been caused by having, on the one 
hand, a bacterium with several names, and, on the other, the 
same name used for different bacteria. 

In human society an attempt has been made to avoid such con- 
fusion by establishing certain requirements for the naming of 
human beings. One’s name is registered today with registration 
officials, and a birtli certificate is issued. However, no laws 
exist to prevent a parent from giving a cliild a name which is 
already the name of another human l^ing, even when the other 
human being is not an immediate relative of the child as in the 
case of father and son. Great confusion is caused when two 
individuals of about tiic same age have the same or quite similar 
names. With microorganisms the confusion is still greater 
because tliey cannot help us to identify them readily so that we 
know which organism is indicated. 

The International Itulcs of Botanical Nomenclature which arc 
generally followed by bacteriologists state that good taste and 
judgment arc shown by attending the following recommendations. 

For Oenrnc A'nrnc*. 1 Do not innko minrs lone or iliOicull to pro- 
nounce 

3. Do not dedicate genera to indiMduiU wlio are iinknoicn to tlie fcicnce 

3 Do not tike namci from barlnrous latigiiacr^ unlcs.i they arc fre- 

nucntly cited and h.iie an ajrreeilile form rradiJi* adipted to the Litm 
tongue and to the lontaica of rnilizcd rotintric^. 

4. Aioid ik'ini; adjcctnca noun.- 

5 Do not make nimc« by ronibinmK wonli of different lanjnnecc 

For t'pfcirs .Vontcf 1. Aioid names which are lonu and dilUcult to 
pronounce. 

2 Aioid names which cipms s character common to all, or nearly all. 
cpeciei m a cenus 

^Tliei miv f>e rr.id in J Bof, June 1931. or in Hcr^cv’n “Mantiil of 
Detenninatne IlarirnuToiO,'’ £ih n<liliOD. pp 53-C3 
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3. Avoid names of little-known or restricted localities unless the species 
is quite local 

4. Avoid, m the same genus, names which are much alike, especially those 
which differ only in their last letters. 

5 Do not name a species after an individual who has not studied it nor 
had anything to do with it. 

6 Avoid names which have been used before in any closely allied genus. 

7. Avoid hyphenated names. 

The Descriptive Chart and Index Number. About 50 years 
ago a few bacteriologists in America believed that, if bacteria 
were studied according to a definite outline of procedure, more 
uniformity would exist, and there might be less possibility of an 
organism appearing in the literature under different names. This 
effort finally culminated in the “Descriptive Chart" of the 
Society of American Bacteriologists. Examination of it will 
reveal how the salient characteristics of an unknown organism 
are determined 

One feature of the descriptive chart is the index number 
formerly called the group number. This index number is the 
result of an attempt to give numerical expression to the major 
characteristics of bacteria. It docs not mean that this index 


number will or should replace names. It is convenient, however, 
for comparing a large number of strains of one organism or the 
flora of any material. By means of the index number groups of 
organisms with prominent characteristics in common are formed. 
For instance, Hucker, in an intensive study of the spherical bac- 
teria, used the index number with very slight modifications. 


Characteristics Used for Classifying Bacteria. What charac- 
teristics are used for classifying bacteria? Examination of the 
classifications reproduced in this chapter will reveal that shape of 
the cell (morphology) W'as one of the first characteristics to be 
employed. With this the three large groups mentioned earlier 
in this chapter were classified. Morphological characteristics 
were also used for dividing these larger groups. Space relation- 
ship has been used for subdividing the round cells, formation o 
endospores or the presence or absence of organs of locomotion or 
the cylindrical cells, and degree of bend or twist for the mem ers 
of the third group. Use of such characteristics gives what are 


called morphological classifications. 

Physiological or functional characters have assumed grea er 
importance in the newer classifications. They are the charac er 
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istics which result from the metabolic activities of the organism 
and include the action of the organism on carbohydrates, proteins, 
fats, and so on They generally require the use of chemical tests, 
and many of them are carried out by the student in the labora- 
tory. Physiological characters also have been used for establish- 
ing large groups of bacteria hai'ing some salient property in 
common. “Lactic acid” bacteria constitute a physiological group 
since bacteriologists place in this group those which form appre- 
ciably large amounts of lactic acid. This is not a safe method 
of final grouping because the property used for making the group 
may be exhibited by other bacteria only to a lesser degree. This 
method also brings together forms which arc quite unlike with 
respect to other characters well established in taxonomic work. 
Probably all forms of life produce a little lattic acid and might, 
therefore, be placed in the “lactic acid group ” Other groups 
based on physiological characteristics are chromogcnic, zymo- 
genic, acetic acid, and so on. 

The pathogenic group is one of marked interest It is based on 
the ability of its members to cause infections in animals and 
plants. The pathogenic group is divided into subgroups mainly 
on the basis of certain characteristics of the members In addi- 
tion to morphological and physiological characteristics, serological 
or scrum reactions may have a limited value in classification of 
bacteria. These arc reactions which arc based on certain prop- 
erties of constituents of the blood scrum They are delicate 
reactions, for blood scrum may be diluted thousands of times 
and yet give specific reactions They arc discussed later in 
tliis book. 

Early Classifications of Bacteria. As soon as information 
accumulated about bacteria and different species were reported, 
bacteriologists attempted to arrange them in systems colled 
classifications. Many of these early attempts arc of historical 
intcrc«t only, since the necessity of pure cultures was not rcalitcd, 
and methods of working which every bacteriologist uses today 
were not available. One cannot classify mixtures of micro- 
organisms without pure cultures any more than the chemist can 
lictcrminc melting points on impure chemical substances ^^lcse 
earlier classifications may lie passed over in a book of this nature. 
Tlicy arc review cil in books on classification of bacteria, n numlKr 
of which have been recently published. 
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Two of the older classifications may be mentioned since they 
have been rather widely used and have some merit. The first, 
prepared by Migula in 1895, had wide popularity in America, 
more so than any other. Tlic reason for its popularity may not 
be apparent, although it may be that Aligula’s classification was 
used by Chester in his “A Manual of Determinative Bactcri- 
olog}’,” published in 1901. The second one is by Lehmann and 
Neumann, a revision of which was published by Lehmann in 
1927. The old one will be given hero because it represents the 
older ideas in classification. 

Migula's Classification of Bacteria. This classification was 
once used by American bacteriologists. 

• ORDER EtIBACTERIA 

Cells without nuclei, fuKur, or baclcriopurpurin, rolorlew or but ilighlly 
colored, aomc forms chlorophyll green. 

FaMILT I. COCCACEAB 

Cells when free spherical, in division fometimes elliptical. DM'ioa in 
one, two, or three pl.mcs of fpacc without previous elongalien of the cell. 
Motility and endospore formation rare. 

1. SlTcptoeoecm Spherical cells dividing in one plane, often remain* 

ing attached to each other to form pairs or chains. Zooglea-hke 

sheath or capsule common. Nonmolilc. No cnda«porcs 

2. Micrococcus Division in two planes, sometimes forming band* of 

cells. Nonmotile- Endosporcs probably nb-'cnt. 

3. Sarana. Dt\ision in three planes nt right angles to eich other, 

forming packets when the cells remain attached to each other. 

Nonmotile. Endo?porc formation doubtful. 

4. Planococcus. Division in two planes. Flagella present. Usually 

1 to 2 in number. No endosporcs known. 

5. Pfanosnrema. Division in three planes, pairs and tetrads usually 

eccn rather than packets. Flagella present, usually one to each 

cell. No endosporcs. 

Family II. Bactebuceae 

Cells cylindrical rods in free condition, diriding in a plane at right orgies 
to their length Short-celled forms may be distinguished from cocci y 
elongation before division. Cells may remain united, forming long or shor 
threads. No sheath. 

1. Bacterium. No nagclla. Some form spores, others do not. 

2. Bacillus. Pcritrichic flagella. Spore formation common 

3. Pseudomonas. Polar flagdla, 1 to 10 in number. Endosporcs m 

some forms. 



LEHMANN AND NEOAUNN’S CLASSIFICATION 119 
Fasiilt III. Spisillacbae 

Celia more or less spirally curved, diAnsion in one plane at right angles to 
long axis. Spore formation rare Most forms motile, with polar flagella. 

1. SpiTOsoma. Broad rigid cells, nonmotilc, free or m small zooglea 

groups. 

2. MicTO^pira. Cells usually comma- or sausage-shaped, motile, with 

or rarely 2 to 3 polar flagella Endo<porcs not obsen’ed. 

3. Spinllum Long or short spirals, lophotrichic flagella, spores some- 

limes observed 

4. Spirochaeta. Slender spiral cells, generally long and flexible, show- 

ing serpentine and screw-like motions Organs of motility un- 
known. Spores not observed 


pAStrLT rv. CnLAifTDOBACreRUCBU! 

Cylindrical cells arranged m threads with sheath. Reproduction by 
conidia which an.«e directly frorn the vegetatue cells and develop into new 
threads without any resting stage 

!, Chlamydolkns Uobranched filaments, segments often demon- 
strable by the use of reagents. Conidia nonmotilc. 

2. Crenothnz Unbranched filaments with differentiation between 

base and apex Sheath thick and id iron waters often permeated 
with hydrate of iron Cells cylindnc or flat ducoidal, conidia 
nonmotilc. 

3. rhTaomdiothnx Very long threads with delicate sheath. Co- 

nidia nonmotilc 

4. Sphnerotiius. Cells in dicbotomously branched threads, conidia 

motile. 


ORDER TmODACTERIA 

Cells with no nuclei but with inclusion.'’ of sulfur; colorless or colored 
red, ro*e, or violet with bactcriopurpiirin. Nc\cr green. 

This order Includes the families Beggiatoaceac (genera Tholhnx and 
ReggiVifon), Rhodoboctenrtccac (genu* TAioevstu), TAiocopso. T’Aiojnrcfno, 
LnmpToyilM, Thtopcdxn, Amorbathictcr, Thtolhrcc, Thodtclyon, Thtopoly. 
roecus chromntium, /{liabdoekTomatium and Thio^pinllum, into the cla.vi- 
fieaiion of which we ncc<l not enter here 

Lehmann and Neumann’s Classification of Bacteria. Another 
clnssificatinn which has enjoyed rather widespread u«c was pre- 
pared by Lehmann* and Neumann 

*Dr. I,ehmsnn publPhed a more elaborate eKs'ifir.ation of bacteria in 
1027. The earlier one l« giaen here mce it represent.'' in a better way the 
rrtnciplcs followed a few j-cars ago 
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I. COCCACEAE 

1. Streptococcus. Du’idiBgia one plane. 

2. Sarcina. Du’iding in three planes. 

3. Micrococcus. Irregular division, including all but clearly marked 
chains and packets. 

11. BACTERIACEAE 

1. Bacterium. Without endogenous spores, rods usually 08-10 mi- 

cron m diameter. 

2. Bacillus. With endogenous spores, rods often more than 10 

micron in diameter 

III SPIRILLACEAE 

1 r«6no Short rigid slightly curved cells, with 1 to 2 polar flagella 

2. Spirillum Long rigid spiral cells with lophotnchic flagella. 

3. Spirockacta. Long flexible spiral cells, flagella unknown, motility 

accomplished by an undulating membrane. 

SUPPLEMENTARY GROUP 
Actinomtcctes 

Thread-like cells with true branching, sometimes even a richly branching 
mycelium. Young cultures often show only normal unbranched bacterial 
cells. Many forms show a tendency to the formation of irregular clubbed 
cells. 

1. Corynebaetenum. Slender often slightly curved rods, often with 

a tendency to club formation; branching rare in young cultures 
and often difficult to find even in old ones. Neither flagella nor 
spores known. With weak stains show barred staimng. Not 
acid-fast. 

2. Mycobactenum. Same as 1 except for the fact that the cells are 

acid-fast and take ordinary stains with difficulty, and that club 
forms are very rare outside the body. 

3. Actinomyces. Long mycelial threads, showing true branching 

Spores formed by fragmentation and cross division of filaments. 
Many forms produce a mold-hkc aerial mycelium. Not acid- 
fast Motility someljmea present. Most forms produce a moldy 
odor. 

Comparison of these classifications brings out some differences. 
It may be seen that Migula distinguishes Bacillus from Bacterium 
on the basis of motility, the former being motile and the latter 
nonmotile. Lehmann and Neumann distinguish these genera on 
the basis of spore formation, Bacterium forming no spores an 
Bacillus forming spores. Both classifications are morphological, 
based on shape and structure. Tlie use of different classifications 
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thus results in slightly different names for the same organism. 
These names frequently differ only in the generic portion, and 
little confusion results 

Classification and Key for Identification of Organisms of the 
Class Schizomycetes from Bergey’s “Manual of Determinative 
Bacteriology,” 6th Edition. Inadequacies of the older classifica- 
tion caused much study of classification in America. This 
resulted in the appointment of a committee on classification by 
the Society of American Bacteriologists This committee after 
several years of study prepared a classification which was well 
received by some bacteriologists and not by others It was 
modified by Bcrgey and a committee and appears today in a book 
known as "Bergey’s Manual of Determinative Bacteriology.” 
This classification is widely used today and probably may be 
considered to be standard for mo>t bacteriologists. It probably 
has inherent weaknesses, but they arc fewer than in the older 
classification. 

This classification recognizes rules of nomenclature and tax- 
onomy which iinvc been used by animal and plant biologists. 
In general, the International Rules of Botanical Nomenclature 
adopted by the Fiftli International Botanical Congress held in 
Cambridge, England, in 1030, luivc been followed The student 
will notice that first of all the class Schzomycetcs is characterized. 

In this class arc the following orders: 

I. EUBACTERIALES. IV, CAULOB.ACTERIALES. 

II, ACTINOMYCETALES. V, THIOBACTERIALES. 

III. CHALMYDOBACTERIALES. VI. MYXOBACTERIALES. 

These orders arc subdividctl into families and the families into 
tribes. TIicsc arc given in the following classification outline. 

CLASS SCHIZOMYCETES NAGELI, 1857 

T>7>jra)]>* omfeJJubj' rrll* it-uallv fm'iJl anJ rclatncJy pnmjtjtp jn 

orcamzalion The cclb are of many »hapc«. fphcncai, cylindncal, spiral, or 
filamentoiu; cells often united into CTO«ip«, fainilic--, or filamenU; ocevton- 
ally in the htlcr rhowinR wmr differentiation amonR the cell*. rimulatinR 
the orRaniiation seen in crrt.ain of the blue-irrcen filamrntous a!irir Multi- 
plication t^^1lcalIy hv cell fwion EndoT»orra arc formcil b\ rome I'pecica 
of the rubaetrrialM', ronidia by »omr of the filamentous forms Chloroploll 
11 pro-lucn! b) none of the btetena (with the po,\«ihlp exception of a fincle 
ceniii) Manv formi proiliice picmenl* of other iNpi-i The rclLi maj t>e 
motile bv mran« of fliirclla; #ome of (he fonm intcrpradinR with ihe pria- 
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tozoa are flexuous, a few Aiiamcntous forms (as Besgiatoa) show oscillatory 
movement similar to that of certain bitie-green algae (as Osctllatoria). 

ORDER 7. -EVBACTERIALES BUCHANAN, 1917 
Simple and undifferentiated forms, without true branching. Occur as 
spheres, short or long strarght rods, or as curved rod? Motile or nonmotile. 
Endospore formation occurs in some species. Some species form pigment 
Some species store reser\c matenals as X'olutin, glycogen, or fat Sulfur 
and/or iron are not stored as visible particles. 

FAMILY I. NITROBACTERIACEAE BUCHANAN, 1917 
Organisms usually rod-shaped, sometimes spherical Pentrichous or non- 
motile. Branched involution forms are sometimes produced, Endospores 
not formed. Depend on hydrogen, methane, carbon monoxide, ammonia, 
sulfur or thiosulfates for energy. Nonparasitic, usually water or soil forms 

Tribe I. Nitkobictereae Winslow et Al. 

Organisms deriving energy from oxidation of ammonia or nitrates. 

Genxta 1. Nitrobacter Winogradshy 
Cells rod-shaped, nonmotile, not growing readily on organic media, 
oxidizing nitrites to nitrates From nitro and Greek hakterion, a small 
stick. 

The type species is Ntltohactcr Winogradskyi Buchanan. 

Genus £. Nitrdsomonaa Winogradsky 
Cells rod-shaped, motile, possessing polar flagella or nonmotile. Capable 
of securing growth energy by the oxidation of ammonia to nitrites. Growth 
in artiflcial media containing orgamc matter usually scanty or absent. From 
Ditroso and Greek monos. 

The type species is Nitrosomonas europaea Winogradsky. 

Genus 5. Nitrosococcus Winogradsky 
Large spherical organisms, showing no growth on ordinary culture media. 
Change ammonia to nitrites in soil and in suitable culture media. From 
Ditroso and Greek kokkos, sphere. 

The type species is NiItosococcik nilroms {Miguta) Bergey et al. 

Tribe II. Pbotobacteiueas Raiin 

Organisms deriving their life energy from oxidation of simple compounds 
of hydrogen or carbon. 

Genus 4- Hydiogenotaonas Orla-Jenscn 
Short rods capable of growing in the absence of organic 
securing growth energy by the oxidation of hydrogen, forming water, f 

Greek hydro, water, peno, producing; and Dtonas, flagellate uniL 

The type species is Hydrogenomonas pantotropka (Ivaserer) Or a en 
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Genus 5 Methanomonas Orla-Jensen 
Monotrichous short rods capable of growiog m the absence of organic 
matter and securing growth encrg>' by the oYidation of methane, forming 
carbon dioxide and water From methane and Greek monas 

The type species 13 Methamomontts metkamea (Sohngen) Orla-Jenscn. 

Genus 6. Carboxydomonas Orla-Jcnscn 
Autotrophic rod-shaped cells capable of securing growth energy by the 
oxidation of carbon monoxide forming carbon dioxide From carboxydo 
and Greek monas. 

The type species is Carboiydomonaa oligo earbophila (Dcijerinck and 
van Dcldcn) Orla-Jeascn 


Tams III. TiiiQBAcaL£A£ BesceY, Breed and Murrat 
Organisms deriving their life energy from oxidation of sulfur or sulfur 
compounds 


Genus 7. Tbiobacillns Detjennek 

Small rod-shaped organisms dcnving their energy’ from the oxidation of 
sulfides, thiosulfates, or elementary sulfur, forming sulfur, persulfates, and 
aulfates under acid or alkaline conditions and dcnimg their carbon from 
carbon dioxide or from bicarbonatcs and carbonates in solution, some are 
obligate and some facultative autotrophic One species 14 anaerobic From 
Greek t/icion, sulfur, and Latin (xiallum, a small rod. 

The typo species is Tfiioboaf/us thioparus Bcijennck. 


FAMILY II. lUllZOBIACEAE CONN 
Cells tod-ehaped Utiluing dextrose and sometimes other sugars, without 
producing organic acids m appreciable quantity A single polar or lateral 
flagellum, or 2—1 pcritrichous flagella, or noomotile. Have a tendency to be 
Cram-negative. 


Genus i. Rbuobinm Frank 

Obligate aerobes capable of producing nodules on the toots of leguminous 
plants, the 6>mbio.«ta ordiaxrily rrsiilting in the fixation of atmospheric nitro- 
gen available to the host plant Gram-negative rods, 0.2 to 00 by 1.2 (0 30 
microns, motile when >oung, commonly rhanging to bactcroldal forms (a) 
on artificial culture media containing alkaloids or glucocidc.*, or xa which 
acidity ts increased or (b) during s>mbjoji.« within the Do<iule Optimum 
tcmpcraiurc 25*C. Ilctcrotrophic, Addition of yeast, malt, or plant 
cxtracLs desirable for rapid growth on artificial media. Flight production 
of nitrates; nUntr* not utiliieil. Oclalin liqurfird not at all or only slightly 
after prolong^ incubation. 

The l>pc specica is /.‘liirobiu»n Ugumutotarun Frank. 
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Genus 2. Chromobacterium Bergomini 
Aerobic bacteria producing a violet chromoparous pigment, eoluble in 
alcohol but not in chloroform. 

The type species is ChTomobactenum violaeeum (Schroeter) Bergoniini. 

Genus 3. Alcaligenes CastcUani and Chalmers 
Peritrichous to nionotrichoiis or DonmoUIe rods which generally occur in 
the intestinal canal, in decaying materials, dairy products, and soil. Do not 
form acetylmethylcarbinol. Do not produce organic acids from the carbo- 
hydrates. 

The type species is Alcaligcnes Jaccalu CastcUani and Chalmers. 


FAMILY III. PSEUDOMONADACEAE WINSLOW ET AL. 

Cells elongate, straight rods to those that are more or less spirally cuia’ed. 
Cell divisions always transicrse, never longitudinal. Cells nonflevuous, 
without endasporcs. Usually motile by means of polar flagella, sometimes 
nonmotilc. Gram-negative. Typically water or soil forms. Some species 
arc animal or plant parasites. 

Tribe I SriiuLtCAE Klutver akd Va^ Niel 

More or less spirally curved cells. Nonflexuous. 

Genus /. Vibrio Muller 

Cells short, bent rods, rigid, single or united into spirak. Motile by 
means of a single <or, rarely, 2 or 3) polar flagellum, which is usually 
relatively short. Many species liquefy gelatin and are active ammonifiers. 
Aerobic, facultative anaerobic. No endospores formed. Usually Gram- 
negative. Water forms; a few are para.siles. 

The type species is Fibno comma (Schroeter) Bergey et al. 

Genus 2. Cellvibrio WinogradsUy 

Long slender rods, slightly curved, mtb rounded ends, show deeply stain- 
ing granules (arthrospores?) which appear to be concerned in reproduebon 
Motile with a polar flagellum. Oxidize cellulose, forming oxycellulose 
Growth on ordinary culture media is feeble. 

The type species is Cellvibrio ocAroceu* Winogradsky. 

Genus 3. CellfalcicuU Winogradsky 

Short rods or spindles, not exceeding 2 0 microns in length, 
ends Show metachromatic granules. Old cultures show coccoid or 
Motile with a single polar flagellum Oxidize cellulose, forming oxyce u 
lose. Growth on ordinary culture media is feeble. 

The type species is Cellfalcicula tnridts Winogradsky. 
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Genm 4- Spirillum EJirenbcrff 

Cells rigid, rods oi varying thickness, length, and pilch of epiral, forming 
either long screws or portions of a turn Usually motile by means of a tuft 
of polar flagella (5 to 20). The flagella occur at one or both poles; the 
number vanes greatly and is difBcult to determine Found in water and 
putrid infusions. 

The type species is Spirillum undula (Muller) Ehrenberg. 

Tribe II. Psnoi>OMOKADCt& Kcutveb and Vas Niel 

Principally soil and water baclcna, and manj* plant pathogens. Motile 
by means of polar flagella or nonmolile Gram-negative. 


Genua 6. Pseudomonas Mtgula 

Principally water and soil bacteria producing a water-soluble pigment 
which diffuses through the rnedmm as a green, bine, or yellowish-green 
pigment Motile or nonmotilc Gram-negatne 
The type apecics is Paeudomonaa acruotnovi (Sebroeter) Migula. 


Genua G. Phytomonas Dergep el Al 
Rods, yellow (36 per cent) or white (M per cent), motile (M per cent) or 
aonmotilo, the motile epccics pcMcssing either mono- or lophotriehous fla- 
gella. Many species form a water-soluble green fluorescent pigment (3S 
per cent). Mostly Gram-negati%'e (90 per cent) 

The tJTpe species is Phi/tomonoa eampeatna (Pammel) Bergcy et al. 


Genua 7, Protaminobacter den Dooren de Jong 
Motile and nonmotilc. Cram-nepatne rodi capable of attacking one or 
more of the lower alkj lamiocs, growing moderately or poorly on ordinary 
peptone agar. These bacteria arc especially endowed to attack substances 

containing the group 

The type species is PTolarntnobaetcr alboflawrn a den Doorco dc Jong. 


Genus 7. Mycoplana Gray and rhomlon 
Rods, motile, showing branching cells Capable of asing aromatic com- 
pounds, as phenol, etc , as ft source of cnrrr>'. Occur m soil 
Type species dfj/copfflna dimorphn Gray and Thornton. 


FAMILY IV. ACETOD\CrrcniACnAE DERCEV. 

DREED AND MURR.AY 

Cells rocWhapoil, but frcrjuently with elongated, branched, or swollen 
forms. Capable of oxiditing alcohol to acetic acid 

Genual. Actobatler Rci;rrinfl, 

Cells roil-shsped, frequently tn cbaias, mottle by mraas of polar flacella 
or nonmotite. C’sually grow on the surface of alcoholic solutiotas a.* obheste 
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aerobes, securing growth energy by the oTidalion of afcohol to acetic acid. 
Also capable of utilizing many other carbonaceous compounds, as sugar 
and acetic acid. Elongated, filamentous, club-shaped, swollen, and even 
branched cells may occur os involution forms. 

The type apccies is Aectobaetcr aceti (Kutzing) Beijerinefc. 

FAMILY V. AZOTOBACTERIACEAB BERGEY, BREED 
AND MURRAY 

Large rods or oval cells which utilize free nitrogen. 

penua 1. Atotobacler Bcijcrinck 

Relatively large rods or even cocci, sometimes almost ycasC-lilre in 
appearance, dependent primarily for growth energy on the oxidation of car- 
bohydrates. Motile or nonmotilc. When motile, with a single or a tuft of 
polar flagella. Obligato aerobes usually growing in a film on the surface of 
the culture medium. Capable of fixing almosphcn'e nitrogen when grown 
in solutions containing carbohydrates and deficient in combined nitrogen. 
Grows best on media poor in nitrogen. 

The type species is Atolobactcr chroocoeeum Beijeriack. 

FAMILY VI. MICROCOCCACEAE PRIBRAM 

Cells in their free condition spherical; during division somewhat elliptical 
Division in two or three planes. If the cells remain in contact after division, 
they are frequently flattened m the plane of division and occur einglyi 
pairs, tetrads, packets, or irregular masses. Motility rare. Endosporcs 
probably absent Produce abundant surface growth on ordinary media 
Metabolism complex, usually involving the utilization of amino acids and 
carbohydrates. Many species form lemon-yellow, orange or red pigment 
Aerobes, facultative anaerobes, and anaerobes. Generally Gram-positive. 

Gentis 1. Micrococcus Cohn 

Facultative parasites or saprophytes. Cells in plates or irregular masses 
(never in long chains or packets). Generally Gram-positive. Growth on 
agar usually abundant; Eomc species form no pigment, but others form 
yellow or, less commonly, orange, or red pigment. Dextrose broth 
acid, lactose broth generally neutral. Gelatin frequently liquefied, u 
not rapidly. 

The type species is Micrococcus lulcus (Schroeter) Cohn. 

Genus 2. Staphylococcus liosenbach 

Usually parasitic, cells occur singly, m pairs, and in irregular 
rarely in packets. Usually Gram-positive. Growth fair to good on 
surface of artificial media. As a rule carbohydrates are fermented wi 
formation of acid. Gelatin commonly liquefied. Nitrites may or may 
be produced from nitrates. Produce hemolysis on blo^ agar, igni 
white or orange or, less commonly, lemon yellow. 

The type species is Staphylococcus aureus Rosenbach 



KEY FOR IDENTIFICATION OF ORGANISMS 127 
Genta 3. Gafikya Trevtsan 

Parasitic organisms, occurring in the animal body and in special media as 
tetrads, while in ordinary culture media they occur in pairs and irregular 
masses Aerobic to anaerobic. Gram-positive 

The type species is Gafjkya tetragena (Gaffky) Trevisan 

Genus 4 Sarcioa Goodsir 

Saprophytes and facultative parasites Division occurs, under favorable 
conditions, in three planes, producing regular packets Usually Gram- 
positive Growth on agar abundant, usually with formation of jellow or 
orange pigment Dextrose broth slightly acid, lactase broth generally 
neutral Gelatin frequently liquefied Nitrites may or may not be pro- 
duced from nitrates 

The type species is Sareina ventneuft Goodsir 


FAMILY VII NEISSERIACEAE PREVOT 

Strict parasites, some species failing to grow or growing poorly on ordi- 
nary culture media Aerobe*, fncullnliie anaerobes, and anaerobes. Grow 
best at 37^C. Some species show no growth at 20*C. Growth fairly abun- 
dant on scrum media. Celt; m pairs and masses Cram-aegattvc 

Genua I. Neisseria Tfcvijon 

Paired Oram-negatiic cocci with adjacent sides flattened which grow as 
aerobes, facultatii e anaerobes, or anaerobes Found on mucous membranes, 
or invading blood stream and localizing in tissues, joints, or meninges of 
mammals Limited biochemical actuity; few carbohydrates utilized, ladol 
not produced, nitrites not produced from nitrates, catalase produced 
abundantly. 

The type species is A'c«»crta ponorrhoeae Trevisan. 

Genua t. VellloaelU Privol 

Cocci of very small size, average 03 micron, occurring to mas'cs, rarely 
in pairs or short chain* Nonmotilc Cram-negatno Cclb undilTcrcn- 
tnted an<l united by an mlrrstitial fiibstnnce of an ectoplasmic nature 
Generally pK«moIyzr.l in hjperlonic 5 per cent silt solution m a few hours 
The species described thus far arc auacrobic. 

The type species is VctUonclla jxirwla (Vcillon and Zuber) PrCiot. 


FAMILY VUI. rARVODACTERIACR\n RAIIN 
Small motile or nonmotilc rods which grow well on media containine 
i>otly fluid* Crsm-negati>c. Usually do not liquefy gelatin. Not actne 
in the fermentation of carbohydrate*. U«uaHj* parvitic on warm-bloode*l 
animal*, infection in some ca«es taking place by penetration of organi-m. 
throuch inneoii* membrane.* or sVio. 
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TniDE I. PASTEUtlEtLEAE CaSTELLANI AND CiMLMEns 

Small, motile or nonmotllc, o\oi(l to rlonpatn! roila tlioning bipolar 
staiDing. 

Genw i. Pasteurella Trci-ifan 

Small, Grani-nrgativp, ovoiil to ctong'ited roiU I'liowing bipolar Flaining 
by apceial mclboiN, acrobie, faciiltAti\c; require low oxidation-reduction 
potential on primary i«olation; ponera of carboliydratc fermentation flight; 
no laclO'C fermentation; no gw prodiietion: gelatin not liquefied; milk not 
coagulated; p.irantic on man, other mamm.il4, and blnU. 

The type ppeciea i3 Paatcurclla aL*ieir/a (GamaleTa) Trc\isin (PcutcurcUa 
avtscpltca (Km) Schulrc). 

Genus S. Malleomyces Pribram 

Short rods, with rounded end^, fometime^ forming threaiU and showing 
a tendency toward branching. Motile or nonmotile. Gram-ncgati>c Ten- 
dency to bipolar staining ^!^tk alowly coagulated. Gelatin may be lique- 
fied. Specnlised for para-«iltc life. Grow well on blood scrum and other 
body fluid media. 

The typo species w .l/ul/eomi/c<s piatlci (FlUgge) Pribram. 

Trice II. Ilnvctux.« BtncEa', Dreed and Mituut 

Small, motile or nonmotile rod.^ nhieh grow on ordinary* media 
Genua 3. BroeelU Meper and Shav 

Minute rods with many coccoid cclla, 0.5 by 05 to 2J) microns; motile 
or nonmotile; Gram-ncgativc; gelatin not liquefied; neither acid nor gas 
from carbohydrates, para.ntic, in\'ading animal tL*'ue, producing infection 
of the genit.d tract, the m.ammarj* gland, or the lymphatic ti'-ues, the 
respiratoiy and mtestma! tracts; pathogenic for \anoii5 species of domestic 
animals and man 

The typo species is BruccUa mehtensis (Hughes) Meyer and Shaw. 

Tride III. IIemopiiiic-^c Winsww et Al. 

Minute parasitic forms growing on first isolation only in the presence of 
hemoglobin, ascitic fluid, or other boily HukIs, or m the presence of certsia 
growth accc.«‘'ory substances found in sterile unheated plant tt=suc (potato). 
Motile or nonmotile Commonly found in the mucc»a of respiratory trac 
or conjunctiva 

Genus 4- Hemophilus TTinsfoic ct At 

Minute rod-shaped cells, sometimes thread-forming and pleomorphic. 
Nonmotile. Strict parasites growing best (or only) in the presence of lemo- 
globm and in general requiring blood serum, ascitic fluid, or certain grow 
accessoiy substances Gram-ncgativc « 

The typo species is flcmophtlus influenzae (Lehmann and Neuma 
Winslow et al 
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Genus 6. No^tichia Ohlsky, Syverton and Tyler 
Small, slender, Gram-negati\e rods present in llie conjunctiva of man and 
animals affected by a follicular type of disease, mucoid type of growth 
which on first isolation takes place with some difficulty in ordinary media, 
motile, flagellated, and encapsulated, aerobic and facultative anaerobic, 
optimum temperature for growth 28® to 30"C 

The type species is Noguchta ^ranufosu (Noguchi) Olifsfcy, Syverton and 
Tjler. 

Genus 6 Diallater Bcrgey cl A2. 

Minute rod-shaped cell«, occurring singly, in pairs, and short chain-’ 
Nonmotile. Strict parasites Gronth occurs only under anaerobic condi- 
lions in media containing frevh sterile tissue or ascitic fluid 

The type species is Dialislcr pticumosinles (Olitsky and Gates) Dergej 
ct al 


FAMILY IX. LACrrOBACTERIACEAE ORLAJENSEN 
Cocci and rods occurring emglj*. in pairs and in ehiiiv* Ferment car- 
bohydrates readily with the pro<iuclion of lactic acid and some aolatile acid 
Some types aUo produce carbon diOMdc .md eih>] alcoliol from dcTtro^e and 
mannitol from JcvuJo»c Rarely motdc Rarely liquefy gclitin Nitrates 
not utilized. Pigment, if any, yellow, orangc-rcd, or rusty brown Aerobic 
to anaerobic Do not grow well on the surface of agar media Gram- 
positive. 

Tribe I STncrTococctaE Trehscn 

Parasites and saprophytes Grow well under anaerobic conditions Some 
forms grow with difliculty on Mrum-frre media, none \er>' abundantly 
Planes of fis.’ion u’ualla parallel, producing pair*, or short or long chains, 
never packets. Fermentatue powers high, producing lactic acid from des- 
trwe, lacto.>o and sucroco. When gx< m formed, it l-* C0.» without II 2 

Genus I. Diplococcus ireieh’cfbauin 
P.arasitcs, growing i>oor!> or not at all on artificitl media CelU it«ually 
in pairs, somewhat elongifed, fnejp*ulated, ►ometime* m eJmaa Cram- 
Po.'itiac Pcrmintatne I'owen* Ingli. nio't slrams forming ncul from dea- 
trofc, lacto'e, 6uero<e, and irmlin Aerobic Fpecie-« tiile-soluble 

The relatioa-hii** of ihe stnrtly anacrotuc diplococci placet! in this genitf 
by Prevot to I'neumoeocci liaac not >ct l>een deaelopetl sufficicntlj to 
ju»tify nnv authontatne eommrnt. Tlic anaerobic «pecie* are mrludetl m 
the genu^ in Ihe hojx* that thu arrangement will stimulate re-eareh 
Tlie type species l’ Dtplocofctu pncumoitMc \\ eich-elbaum 

Gtnus S. Slreptoeoccot Rownixirh 

Cells spherical or oaoid. r.arcly rloagitetl into rotL*. occurring in short or 
long chaiM or in pairs. Ncicr arranged m paeketa anti do not form 100- 
gloeal masses Grani-po*itue. some deeolonzing reatblv. Cip-ul<« not 
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marked as a rule but well developed at times. Growth tends to be slight on 
artificial media, and some species are aided by the addition of native pro- 
teins; isolated colonies are small and translucent; they may be effuse, 
convex, or mucoid Cultures are found which produce a rusty red growth 
m deep agar stabs. Certain strains form a yellow-to-orange pigment in 
starch broth. Action on blood is variable, but characteristic changes are 
produced by some species. Little surface growth is produced in stab cul- 
tures. Various carbohydrates are fermented with dextrorotary lactic acid as 
the dominant product. Carbon dioxide, volatile acids, and other volatile 
compounds are produced in small quantities, if at all, from carbohydrate 
fermentation. Nitrites are not produced from nitrates, and inulin is rarely 
attacked. Most species are aerobic and facultative anaerobic; many species 
are normally para-sitic, and some arc highly pathogenic. None are soluble 
in bile 

The strictly anaerobic streptococci, some of which produce gas and foul 
odors, are not completely defined, and they may merit being separated in a 
new genus. 

The type species is Streptococcui pyoQcnts Rosenbach. 

Genus 5. Leuconostoc Van Tieghcm emend. Ilueker and Pederson 

Cells normally occurring as spheres. Gram-positive. Nonmotile. Under 
certain conditions, os in acid fruit and vegetables, the cells may lengthen and 
become pointed or even elongated into a rod. 

Grow on ordinary media, but growth is enhanced by the addition of yeast 
cells, extract of yeast, or other vegetable tissues. Generally produce a 
limited amount of acid. Rarely curdle milk. 

Produce mannitol from levulose. By-products of the fermentation of 
dextrose include carbon dioxide, lactic acid, acetic acid, and ethyl alcohol 
Approximately one fourth of the dextrose fermented is converted to carbon 
dioxide. Levolactic acid is always produced and sometimes dextrolactic 
acid. Certain types grow with a characteristic slime formation in sucrose 
media. Ordinarily do not increase the amount of soluble nitrogen in the 
medium even after long period of incubation. 

The type species is Leuconostoc mesenteroides (Cienkowski) van 
Tieghem. 

Tribe IL Lactobaciuxab Winslow et Al. 

Rods, often Jong and slender. Nonmotile. Ferment carbohydrates, 
polyalcohols, and lactic acid. Do not liquefy gelatin, reduce nitrates, or 
produce indol. Grow poorly, jf at all, on potato. Some species grow a 
relatively high temperatures. Microaerophilic to anaerobic. Surface grow 
on media is poor. Gram-positive. 

Genus 4- Lactobacillus Beijerinck 

Rods often long and slender. Always produce lactic acid from 
hydrates. When gas is formed, it is COs without Hr A number o sp 
are somewhat thermophilic. As a rule, microaerophilic. 
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The type species is LactobaeUlus aiueasiejis Beijerinck. 

Subgenera are Thermobactenura Orla-Jenscn, Slreplobaclenum Orla- 
Jeasen and Detabacterium Orla-Jensea. 

Genua 6. Piopionibacteriam, Orla-Jenaen 

Nonmotile, non-spore-forming, Gram-positive bacteria, growing under 
anaerobic conditions in neutral media as short diphtheroid rods, sometimes 
resembling streptococci, under aerobic conditions growing os long, irregular, 
club-shaped, and branched cells Metachromatic granules demonstrable 
with Albert’s stain 

Ferment lactic acid, carbohydrates, and polyaleobols with the formation 
of propionic and acetic acids and carbon dioTidc As a rule strongly catalase 
positive, sometimes weakly so 

Strong tendenej* towards anacrobiosis; det’clopment very slow, macro- 
scopically visible colonies generally not discernible in less than 5 to 7 days 
Nutritional rcrimrements complex Development best in yeast extract 
media with addition of lactate or simple carbohydrates. Optimum tem- 
perature 30*C. 

The type species is Proptonibaetenum freudenreiehii van Nick 

FAMILY X. ENTEROBACTERIACEAE RAHN 

Gram-negative rods widely distributed in nature. Many animals para- 
sites and some plant parasites eausiog blights and soft rots. Grow well on 
artificial media. All species attack carbohydrates forming acid, or acid and 
visible gas (IIj present). All produce nitntea from nitrates When motile, 
the flagella are pcritnehous. 

Tribb I EscJicRicnesB Bercct, Brcep ako JIcreat 

Ferment dextrose and lactose with the formation of acid and visible gas 
Do not liquefy gelatin except slowly in one genus {Aerobaetcr). 

Genua 1. EacheriehU CosteWon* ond Chalmert 

Non-sporc-forming, Gram-negative short rods fermenting dextrose and 
lacto*c with acid and gas production and growing aerobically. Commonly 
occurring in the intestinal canal of smmali Widely distributed in nature 
Methyl red test positive; Voges-Proskauer reaction negative. Carbon 
dioxide and hydrogen produced in approximately equal volumes from 
dextrose. 

Genua t. Aerobacter Reven’ncil 

Non-epore-forming. Cram-negative ebort rods, frrmenUng dextrose and 
lactose with acid and gas production and growing acrobieally Widely dis- 
tributed in nature Methyl re<I test negative; VogevProskauer test posi- 
tive. Form two or more times as much carbon dioxide is hydrogen from 
dextrose; trimcthylcne glycol not produced from glycerol by anaerobic 
fermentation ; citric acid utiliied a* tole aouree of carbon ^ 

The l>Te species is Aerobaclrroerostnea <Kruse) Beijerinck. 
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Ccnu5 S. KlebsielU Trcvisan 

Short roila, eomcwhat plump with rouodcd end'*, mostly occurring singly. 
Encapsulated. Nonmotilc Gmm>Desithc. Ferment a number of carbo- 
hydrates with the formation of acid and Nitrites are produced from 
nitrates Encountered i)nncipall 3 ’ in the fc.«piratorj' tract of man. Aerobic, 
growing well on ordinary culture media. 

Tlie ty’pc species is KlcbsttUa pneumoniae Trcvisan, 

Tribe II. Erwincie Winruiw et Al. 

Plant pathogen'? Inxmde the li'suca of plmts and produce local lcsion.«; 
some species killing the host plants. Usually motile with pcritrichous 
flagella. Ferment dextrose and laclO'C with formation of acid, or acid and 
visible gas. Usually attack pectin. 

Genus 4- Erwinia U'lns/otr ci AL 

Charactera for the genm as for the tribe. (The type Bpccies would be 
Erwinia atnylovora Winslow cl al ) 

Tribe III Serrue-xe BERcn*, Breed and MuTtR.tr 

Small aerobic rods, usually proilucing a red or pink pigment on agar or 
gelatin. 

Genus 6. Serratia Brno emend. Breed and Breed 

Small, aerobic, rapidly liquefying, nitrate-reducing. Gram-negatne, peri'- 
trichoua rods which produce characteristic red pigment ^\hitc to rose-red 
strains that lack brilliant colors are common. Coigulato and digest milk 
Liquefy blood serum Typical specie'? prwlucc CO 3 and frequently Ha 
from dextrose and other sugars; nNo acetic, formic, succinic, and lactic acids, 
acetylmethylcarbinol, and 2,3 butylene glycol. 

The typo species is Serratia morccjccrw Ditio- 

Tribe IV Prote.u; Casteluani and Chalmers 

Ferment dextrose but not lactose with formation of acid and visible gas 
Usually liquefy gelatin. 

Genus 6, Proteus Ilauscr 

Highly pleomorphic rods. Filamentous and curved rods common as well 
as involution forms. Gram-negatn-c, Generally actively motile, possessing 
peritrichous flagella. Characteristically' produce amoeboid colonies, ® 
moist media end decompose proteins. Ferment dextrose and genera 
sucrose, but not lactose Do not usually yield a positive Voges- ro? 'aue 
test. Urea decomposed. 

The type species is Proteus vufiRzrtii Hauser. 

Tribe V Salmonelleae Bercet, Breed and Murkat 

Motile With peritrichous flagella and nonmotilc 
Non-spore-forming Attack numerous carbohydrates with the orma 1 
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acid, or acid and gas Certain species of the gemi^ Shigella attack lactose 
Vogos-Proskauer test negative Gelatin not liquefied (evceptiocs hare been 
noted, but are very rare) Urea not hydrolyzed Milk not peptonized No 
spreading growth. 

Genus 7 Salmonella Lignicrcs 

Usually motile, but nonmotilc forms occur Attack numerous carbo- 
h3’dratca with the formation of acid, and usually gas Lactose, sucrose, and 
salicin not attacked. Do not form mdol or liquefy gelatin 
The typo species is Salmonella cholcracsuu (Smith) Wcldia. 

Genus S Eberthella Buchanan 

Gram-negative motile rods Attack a number of carbohydrates with the 
formation of acid but no gas Do not form acetylincthylcarbmol. 

The type species is Eberthella it/phosa (Zopf) Weldm. 

Genus 9. Shigella Caitcllam and Chalmers 
Gram-negative nonmotile ro<b Attack a number of carbohj’dratea with 
the formation of acid but no gas Do not produce acctylmethylcarbinol. 
The type species u Shigella dgscnlenac (Shiga) Castellsoi and Chalmea, 

FAMILY Xr. DACTERIACEAE COHN 
Rod-«hape(l cclb without codo«pore? Motile or nonmotilc. Metabolism 
cornplct, ammo acids being utilized, and generally carbohydrates 
This 1.1 a heterogeneous collection of genera Trho.*e relationships to each 
other and to other groups arc not clear. 

Cenua t. Listerella Pine 

Small roiii. IVithout cndo'porcs Cram-pofitive Motile with a single 
long terminal ilagclliim Aerobic to inicroaerophilic Grow freelj' on 
ordinary media Certain carlKihydrotes attacked Pathogenic para'ites. 
Infection cliaractcrizcd by a monoc)ton« 

The Ij-pc species is Luterdla monoegtogenei (Murray ct a 1 ) Pine 

Genus S. Mlcrobacterlum Orla-Jrmrn 
Small ro.li Nonmotile Without endospom Gram-popiliac Pro- 
duce lactie and from carbohydratn May be traa«ition group to types that 
liquefy gelaijn and do not form acid from c.arliohidrate- I’roiluce niintes 
from nitrates Surf.aec growth on media is gocxi. Produce catalase. 

The type species is .t/icroMclenuin faclicum Orh-Jeruen 

Genus S. Kotthia Trci-ison 

r^mg rodi occurring m oenfy euned eham«. Gram-pa*itne Motile 
with penirirhoivi fligclla Proleu*-hke growth on me<li.i C.irbohj-drales 
and gelatin not atticleil Hydrogen sulSde not formed 
Tlic ly-jy? species u Kurthia sopfi (Kurth) Tre>«*an. 
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Genus 2 Mycobacterium Lehmann and Neumann 

Slender rods which are stained with difficulty, but when once stained are 
acid-fast Cells sometimes show swollen, clavate, or cuneate forms, and 
occasionally even branched forms. Growth on media slow for most species 
Aerobic. Several species pathogenic to animals. 

The type species is Mycobactenum tuberculosis (Schroeter) Lehmann 
and Neumann 

FAMILY II ACTINOMYCETACEAE BUCHANAN 

Branching rods and filamentous forms, sometimes forming a mycelium. 
Conidia sometimes present- Some species arc parasitic. Some are soil 
forms. 

Genus t. leptotrichia Trevtsan 

Thick, long, straight, or curved filaments, unbranched, frequently clubbed 
at one end and tapering to the other. Gram-positive when young. Fila- 
ments fragment into short thick rods. Anaerobic or facultative. No aerial 
h3TJhae or conidia. Parasites or facultative parasites. 

The type species la Leplolnchta buecalis (Robin) Trevisan. 

Genus 2. Erysipelothrix Rosenbach 

Rod-shaped organisms with a tendency to the formation of long filaments 
which may show branching. The filaments may also thicken and show 
characteristic granules. No spores. Nonmotile. Gram-positive. Micro- 
aerophilic. Usually parasitic. 

The type species is Erysipelolkrix rkustopathiae (Migula) Holland 
Genus 5. Proacfioomyces Jensen 

Slender filaments or rods, frequently swollen and occasionally branched, 
generally forming m the first stage of growth very small mycelia which, 
however, early assume the appearance of baclerium-Iike growths. Shorter 
rods and coccoid forms are found in older cultures. Conidia not formed. 
Stain readily, occasionally showing a slight degree of acid-fastnc.ss Non- 
motile. Non-spore-forming Aerobic. Gram-positive. The colonies are 
similar in gross appearance to those of the genus Mycobacterium. Para , 
phenol, and m-cresol are frequently utilized as sources of energy. 

The type speeics is ProacUnomyccs agrestis (Cray and Thornton) Jensen 

Genus Actinomyces liars 

Organisms growing m the form of a much-branched mycelium, which 
may break up into segments that function as conidia Sometimes parasi ic, 
with clubbed ends of radiating threads conspicuous m lesions in the anim® 
body. Some species are microaerophilic or anaerobic. Nonmotile. 

The type species is Actinomyces bouts liars 

ORDER III. CHLAMYDOBACTEIilALES BUCHANAN 

Filamentous bacteria, alga-hkc, typically water forms, enshealhcd 
may be unbranched, or show true branching, or false branching, an- 


KEY FOR IDENTIFICATION OP ORGANISMS 


137 


from lateral ilLspIacement of the cclb of the filament within the sheath, 
which give rise to n new filament, so that the ehcatb i? branched while the 
filaments are separate The sheath may be composed entirely of iron 
hydroxide or of an organic matrix impregnated with iron, or may be entirely 
organic. Conidia and motile “swarmcrs” may be developed, but never 
endosporea. Sulfur granules or bacteriopurpunn absent Mature cells or 
filaments not protozoa-Iike. 

FAMILY I. CHLAMYDOBACTERIACEAE MIGULA 

Characters for the family as for the order 

Genus 1. Sphaerotilna Kutztng 

Attached, co1orlc.ss threads, showing faUc branching, though this may be 
rare in some species. Filaments consist of rad-«hapcd or oval celb, sur- 
rounded by a firm sheath Multiplication occurs both by nonmotilc cooidia 
and by motile "swarmers,” the latter with lophotnchous flagella. 

The type speeres rs Sphaerattlus natans Kutzmg 

Genus 2 Clonothrix Itozz 

Attached filaments showing false branching os in Sphacrotilus. Sheaths 
organic, encrusted with iron or manganese, broader at the base and tapering 
toward the tip CclU colorless, cylindrical Reproduction by spherical 
coQidia formed in cliaios by lran.ivcrsc fi^ion of cells, conidia formation 
acropetal, limited (o short branches of the younger portion of the fifaments 

The type species is Ctonothnx fuaca Roie 

Gcnu .1 S Leptotbrix ACtrmp 

Filaments of cj'Iindncal colorlciw celb, with a sheath at first thin and 
colorless, later thicker, >cUow or brown, cncruatcd with iron oxjdc The 
iron may be dii^olv cd by dilute acid, whereupon the inner cells show up well 
Multiplication w by divi.«ion and alwtraction of cefU and by motile cjfm- 
dncal swarmers True branching may occur. 

The type species is Lcptofhm ochracra Hutting 

Genus 4 Cienotbrix Cohn 

FilamcaU not branched, attached lo « finn substrate, showing diflcrcntii- 
tion of ha.<c and tip Slic.itlv plainly visible, thin and colorless at the (ip. 
thick and cncru«ted with iron at the fav«e Celt* cylindrical to spherical, 
dividing in three planes to produce the sphcncal nonniolile conidia 

The liTie (and onl>) species ts Crrnothnx pofysporn Cohn 

OnnER IV CAULODACTEItlALFS llESRICl 
ASD JOlISSO\ 

Nonfilimrntoiis hicicriv growing c!ivrarlefi«ticvlly on stvlks Tlie cell* 
are a.«ymnirtrical in that gum, feme h>nlro*idc. or other niitrnal t* secrete*! 
from one side or one end of Uic cell to form the atalk hfultiplying (>-p callv 



IS8 NOMENCLATURE AND CLASSIFICATION OF BACTERIA 

by transverse fission, in one /amily by longitudinal fission, and by budding. 
In some species the stalks may be veiy short or absent, the cells connected 
directly to the substrate or to each other by holdfasts. Cells occur singly 
or in pairs, never in chains or filaments; not ensheathed. Typically aquatic 
in habitat; some may be parasitic in animals. 

FAMILY I. NEVSKIACEAE HENRICI AND JOHNSON 
Stalked bacteria, the long axis of the rod-shaped cells being set at right 
angles to the axis of the stalk. Stalks lobose, dichotomously branched, com- 
posed of gum. Multiplication of cells by transverse binary fission. Grow- 
mg in zoogloea-hkc masses in water or in sugar vats. 

Genua i. Nevskia Faminttin 
Description as for the family. 

The type species is Nevskui ramosa Famintzm, 

FAMILY n. GALLIONELLACEAE HENRICI 
AND JOHNSON 

Stalked bacteria, the long axis of the rod-shaped cells being set at right 
angles to the axis of the stalks. Stalks are slender twisted bands, dichoto* 
jnousl>* branched, composed of ferric hydroxide, completely dissolving in 
dilute hydrochloric acid. Multiplication of cells by transverse binary fission. 
Qrowms in iron-bearing waters 
There is a single genus Gallionella. 

Genua 1. Callionella Ekrenberff 
Description as for the family. 

The type species is Gallionella Jerrufftnea Bhreaborg 

FAMILY III. CAULOBACTERIACEAB HENRICI 
AND JOHNSON 

Stalked bacteria, the Jong axis of the elongated cells coinciding with the 
Jong axis of the stalks. Stalks arc slender, flagellum-like, often attached to 
the substrate by a button-like holdfast, unbranched. Multiplication of cells 
by transverse binary fission. The outermost cell of a pair may form a 
stalk before cell division is complete. Periphytic, growing upon submerged 
surfaces. 

There is a single genus Cautobacter. 

Genua 1. Canlohacter Henria and Johnson 
Description as for the family. 

The types species is CaKloboeler wbnoj’des 

FAMILY IV PASTEUBIACEAE LAURENT EMEND. 

HENRICI AND JOHNSON 

Stalked bacteria with spherical or pear-shaped cells; if cells are elongated, 
long asis coincides with axis of stalk. Sta/ts may be yen’ a ot o 
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absent, but, when present, are usually very fine and at times arranged m 
whorls attached to a common holdfast. Cells multiply by longitudinal 
fission or by budding or by both Mostly penphylic, one species is parasitic. 

Genua 1. Pasteona Meichnikoff 

Pear-shaped cells attached to each other or to a firm substrate by hold- 
fasts secreted at the narrow end, multipipng by longitudinal fission and by 
budding of spherical or ovoid cells at the free end 
The type species is Paateuna ramoaa Melcboikoft. 

Genus S Blastocanlia llenriei and Johnson 
Pear-shaped or globular cells attached to a firm substrate by long slender 
stalks with a holdfast at the base. Stalks may occur singly or ma> arise in 
clusters from a common holdfast. Not cultivated in artificial media. 

The type species is Dlastocaula aphacrica 

ORDER r. TIUOBACTERIALES BVCIIANAS 
Cells aanous, tjTiically conlaming either granules of free sulfur, or bsc- 
tenopurpurin, or both, usually growing best in the presence of hjdrogcn 
stilfuic. The cells are plant-like, not protozoan-hke, not producing a 
p^cudoplasmodium or a highly developed resting stage Spores are rarely 
or never formed 

FAMILY I. RHODOBACTERIACCAE MIGULA 
Celli of various tj-pt^. not fiiameotow, conlaming baclenopurpurio, with 
or nithoiit sulfur granule* 

Aecordiog to Molisch ("Die Purpurbaltcn'en,” Jena, 1907, 61) very few 
specif* of thw family have been studied in pure culture. Those that have 
been L«ohled anil studied acre found to be able to exist saprophylically and 
were not able to cxi*t without organic matter. 

SVBFAMllY I. CUnOMATIOWEAE BVCHAXAS 
CclLi not filamentous, containing both sulfur graniilni and bvctenopiir. 
puna 

Tniar. I Tmocvrstvi: Biciianan 

nieteria containing both sulfur granule* and bictrnopurpunn Cells 
divide m three direetion.* of spire, umted into fimilica 

Genus /. TbIocystU irino^ro-filp 

Umilly -t to 30 rc!l» mwetj into small compact families, enveloped singly 
or several together in a gelatmoiw cyst, capable of swarming When the 
familie* have mrhed a definite me they f*eape from the gehtinaiui rysl, 
the latter swelling and eollemng uniformly or at some pvrtieulir spot. The 
r^ape-l rrlN either pw into the rwarm stage or unite into a large 
eoniplet of famdie* from wlurh they separate later Cell* an* l.ghl ro'orr^J. 
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single colls almost colorless In mosss the cells show a beautiful \ iolet or 
red color The cells are frctiueatly filled with sulfur granules. 

The type species is Thiocystu violacca Winogradsky'. 

Genus S. Tbtoaphaera 21/iuoshi 

Cells spherical-ellipaoidal, relatively Urge (7 to 8 microns), light violet 
in color, bound into loose families by a colorless gelatin. Capable of 
swarming Sulfur inclusions relatively abundant. 

The type species is Thtotphacra geiatinosa Aliyoahi. 

Genua S Thiosphaerion Miyoshi 

Cells spherical-clIiptical, small (1.8 to 2Z microns), violet in color, with 
delicate sulfur mclastons Vaited by means of gelatin into solid spherical 
families. Capable of swarming 

Genus 4 Thiocapsa Winogradsky 

Cell families resembling, m grouping and multipljcation, the cells of the 
alga genus Aphanocapsa. Cell dnision occum m all directions of space, the 
cells arc spherical, with thick confluent membranes, which unite to form a 
structureless gelatinous layer The cells arc of a bright rose^red color and 
contain sulfur granules The cells do not swarm. 

The typo species is Thiocapsa roseoperstetna Winogradsky. 

Genus 6. Thiosarciaa Winogradsky 

Nonswarming cells arranged in packet-shaped families, corresponding to 
(he genus ^arcino. Cells red, with sulfur granules. 

The type species is Thiosarcina rosea (Schroeter) Winogradsky. 

Tribe II. LaMruocTSTEAE Bucjmkajt 

Cells united into families >n which division of the cells occurs first in 
three planes, then in two. 

Genus t. Lamprocystia SchroeteT 

Cells ellipsoidal, dividing at first in three planes to form ‘pherieal cell 
masses, later in two planes, fonniiig hollow eacks in which the cells he 
embedded m a layer in the walls; finally the membrane ruptures, and t o 
whole mass becomes oet-Iike, much as in the algal genus Clalhrocyitis. 
Usually colored intensely violet. Small sulfur granules prewnt. Capable of 
swarming 

The type species is Lamprocyslis roseopersicina (Kiilzing) Schroeter 

Tribe III. TjjJom»£AE Bpchanan 

Sulfur bacteria in which the cells are united into families, and cell 
occurs in two directions of space, resulting in the development o p 
colls. 
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Gcnuj i. Thiopedia Wincgradsk]; 

Famiiica io form of plates. Capable of swarming. Cells coninm bac- 
tcriopurpunn and bactcnochlorin 
The tjTie species is Thiopcdio rosea Winogradsky. 

Genus S. Thiodema Jlftymlii 

Cells spherical, light rose in color, containing small inconspicuous sulfur 
granules. United by a thin purplish membrane. 

The type species is Thiodermo rosen Miyoshi. 

Genus S. Lampropedia Schroder 

Cells united into tetrads, forming flat tubular masses, contain sulfur 
granules and bacteriopurpurm. 

The tjTic species ii Lampropcdia hpolina (Kutzing) Schroeter. 

Tribe IV A'ioEi>oow?reiaE« Bvchanak 
S ulfur bacteria in which the cells arc united into families. Cell division 
occurring only m one direction of space 

Genur /. Amotbobactet Tt’tnopradslv 
Cclli connected by pl.vma threails. Families amoeboid, motile The 
cell families slowly change form, the cells drawing together into a heap or 
spreading out rsidciy, thus bringiog about a change is the shape of the whole 
family In a renting condition a common gelatin is cvlrudcd, and the sur* 
face becomes a firm membrane 

The tjTiQ species is Amoebolxtclcr roscum Winogradsky. 

Genus !. TklodUtyon H'lnoyratfslv 
Cells rod-*haped or spindle-shapcil, with sharply pointed cnA», unltol 
into a net The compact ma.M of roAi finally a«umcs an appearance like 
that of Jli/Jrodicli/on Slight Moirt color 

The tj-pe spccicA is TAiodictjKm flfgans Winogradsky. 

Genut 5. Tblotbree irtnofsadsl y 

Cells Spherical, in familie', mclosnl in a thick grUlino«« c>-»t. Cdb 
capable of sw.arming and aer> loo»cly embr^Wetl in a romtnon gelatin 
When the swarm slagr suprraenm the cclli he more loo«ely, the gelatin h 
nrollen, and the erlli swarm out singly and rather irregularly. 

Tlic type specie* n Thiotfiree gthlintfa Winograilaky. 

Genus 4 Tblopolycoccoa ir»ni>yror/jlv 
Families solid, nonmotjle, rDn«i.«ling of small rells clo*elr ipprei.'eil 
MullipUcatioa of the eolonirw b> t>tcaVing up ot the sii'fsce into numerom 
ahofl thrradi and lf>l>M whirli continue to split up into smallrr hrips 
The t)pe s;'ecnn« v* Tftr>po(j<oec^ ruber Wiaogtsd‘l> 
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single cells almost colorless. In masses the cells show a beautiful violet or 
red color. The cells are frequently filled with sulfur granules. 

The typo species is Thweystis violacca Winogradsky. 

Genua 2. Thiospbaera Miyoshi 

Cells sphcrical-cllipaoidal, relatively large (7 to 8 microns), light violet 
in color, bound into loose families by a colorless gelatin. Capable of 
swarming. Sulfur inclusions relatively abundant 

The type species is Thiosphacra gelatinosa Miyoshi. 

Genua 3. Thiosphaerion Miyoshi 

Cells spherical-elliptical, small (1.8 to 2S microns), violet in color, with 
delicate sulfur inclusions. United by meaiu of gelatin into solid spherical 
families. Capable of swarming 

Genus 4. Thiocapsa Winogradsky 

Cell families resembling, m grouping and multiplication, the cells of the 
alga genus Aphanocajusa. Cell dn-ision occurs is all directions of space, the 
cells are spherical, with thick confluent membranes, which unite to form a 
structureless gelatinous layer The cells are of a bright rosc'red color and 
contain sulfur granules The cells do not swarm. 

The type species is Thiocapsa roseoperaiana Winogradsky. 

Genus 6. Thiosarcina Winogradsky 

Nonswarmmg cells arranged in packet*sbaped families, corresponding to 
the genus Sarana. Cells red, with sulfur granules. 

The type species is Thiosarana rosea (Schroeter) Winogradsky. 

Tribe II. Lampbocvsteae Buchanan 

Cells united into families in which division of the cells occurs first m 
three planes, then m two. 

Genus 1. Lamprocystis Schroeter 

Cells ellipsoidal, dividing at first in three planes to form spherical cell 
masses, later in two planes, forming hollow sacks in which the cells he 
embedded m a layer in the walls; finally the membrane ruptures, and t e 
whole mass becomes net-liko, much as in the algal genus Clathrocystis 
Usually colored intensely violet. Small sulfur granules present. Capab e o 
swarming. 

The type species is Lamprocystis roseopersicina (Kiitzing) Schroeter. 

Tribe HI. TnroPEoiEAE Buchanan 

Sulfur bacteria in which the cells are united into families, and cell division 
occurs in two directions of space, resulting in the development o p a cs o 
cells. 
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Genus L Thiopedia irtnopnirfjfci/ 

Families in form of plates. Oipabtc of Kwarmiog. Cells contain bac- 
leriopurpurin and bactcriochlorin. 

The t^•pc species la Thiopcdia rosea Winogradsky. 

Gentis S. Tbiodems 

Cells spherical, light rose in color, containing small inconspicuous sulfur 
granules United by a thin purplish membrane. 

The type epccics is Tkfodermo rosea bfiyoshi. 

Genua S. Lamptopedia Schroder 

Celia united into tetrads, forming flat tubular ma^f»ca, contain sulfur 
granules and bactenopurpunn. 

The type Bpecica ta Lampropedia hjjalina (Kiitziog) Schroeler 

TRint IV AMOCBOntCTERBAt Bvciuvan 
Sulfur bacteria in which the cells arc united into families. Cell division 
occumng only in one direction of space 

Genus J. Anoebobader ITinopriitfrl-j/ 

Cells connected by plasma threads. Families amoeboid, motile The 
cell famihea slowly change form, the cells drawing together into ft heap or 
spreading out widely, thus hnngiog about a change in the shape of the whole 
family. In & renting condition a common gelatin u extruded, and the sur- 
face becomes ft firm membrane 

The tj’pe species is Amochohacter roscum Winogradsky. 

Genus 2. Thlodictyoa irinoorae/stv 
Cells TO'l*»bapcd or spimlle-shapcd, with sharply pointed ends, unitetl 
into a net The compict ma-is of tods finally assumes an appearance like 
that of //vdrtxf'dpon. Slight siokl color 

The type species is Thioclictvon efepans ^YlDOKralUlcy. 

Genus S, Tbiothtce ll’inopradiky 

Cells sphrriral, m (amiliwi, eaclwe*! in a ihick grUlinous cj-'t Cell* 
capable of swarming and scry loosely cmbeddcal in a common gelatin 
When the swarm stage sijpcrscncs the erll« lie more loo*rly, the gelatin n 
swollen, and ttie cells swarm out singly and rather irregularly. 

The l>'pc sperjes m Thio/firer priaiinnaa Winograilsky. 

Oenui ^ Tblopolycotcai irinoymJsI y 
Famihe* solid. ntwmotJs, tonn^tiag of small frJl« rlcwly arprrvr'} 
Multiplieation of the rolomcs by IwvaViog up of the surfare into numcfO'M 
•hort tlirrad* and lol«-s »lii*h rrwitioue la split up into smaller hea{s 
The tjpe |« Tfiapol/eo(c*u ruber IVieocrsiMj'. 
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Tbbe V. CnaoMATiEAE Buchanan 

Sulfur bacteria in which the cells are not united into families, but are free 
and capable of swarming at any time. 

Genus 1. Chromatinm Perty 

Cells cylindrical-elliptical op relatirely thick cylindrical Cell contents 
red, containing dark sulfur granules. Cells somewhat variable in shape, 
straight, more or less bent; short ovoid and longer forms more cylindrical. 
Motile by means of polar flagella. 

The type species is Chrornatium ohenii Perty. 

Genus 2. Rhabdomoaaa Cohn 

Differentiated from Chrornatium by the elongated rod-shaped or spindle- 
shaped cells. Cells red, with sulfur granules, and flagella. 

The type species is Rhabdotnonas rosea Cohn. 

Genus 5. Thiospirillum Winagrodiky 

Spiral motile bacteria containing sulfur granules and bacteriopurpurin 

The type species is TkiospinUum sanguineum (Ehreaberg) TViaegradskj'. 

Genus Rbodocapsa Molisch 

Cells free (not united in families), not capable of swarming (nonmotile). 
In mass, the organisms are cherry red. Contain sulfur granules 

The type species is Rhodocapsa suspensa Moliseb. 

Genus S. Rbodotbece Alolisch 

Cells usually spherical and in pairs, each surrounded by a spherical or 
elliptical capsule. Nonmotile. Ceils not united into families. Celh con- 
tain bacteriopurpurin and sulfur granules. 

The type species is Rkodathece pendens hloUsch. 

Subfamily II. Rhodobaclerioideae Buchanan 

Cells not filamentous, contaimng bacteriopurpurin but no granules of 
sulfur. 

Genus 1. Rbodocyalis Mohsch 

Cells rod-shaped, dividing only in one plane, embedded in a common 
shmy capsule. 

The type species is Rhodocysth gelatinosa Molisch. 

Genus 2. Rhodonostoc Molisch 

Cells spherical or short rods, in rcsaiy-Lke chains, and embedded in a 
common gelatinous capsule. 

The type species is Rhodonostoc capsulatum Molisch. 



KEY FOR IDENTIFICATION OP ORGANISMS 143 
Genus S. Rhodoirhaeus Bergey et Al. 

Cells spherical, nonmotile, free, not untied into families. 

The type species is Rhodonhagus cajavlatus (Molisch) Bergey et Al 

Genus i. Rhodobacteiiom MoliseK 

Rod-shaped cells, nonmotile, not united into families 

The type species is Rhodobaelerium eajtsulatum Molisch. 

Genus B. Rhodobaciltoa Moltsch 

Rod-shaped cells, solitary, usually motile. 

The type species is Rhodoboctl/us palustns Molisch. 

Genus 6, Rhodovibrio il/oltsch 

Cells short, comma-shaped, free, actively motile Tnth a polar Sagellum. 

The type species is Rhodovibrio parvus Molisch. 

Genus 7. Rhodospiriltan ^foiuch 

Cells spiral, actively motile by means of polar flagella. 

The tjiic species is RhodospiriHum rubrum (Esmarch) Molisch. 

FAMILY n. DCGQIATOACEAE MIGULA 

Filamentous bacteria, usually showing an a^cillating motion similar to 
OsetifatorM Cells coatam sulfur granules. Spore formation and conidia 
unVnown 

Genus 1. Thlotbrlz Winogradsky 

FibmcnUi nonmotile, segmented, with a dcflnitc diflcrcntiation into base 
and lip, attached, usually filled with sulfur granules. The threads produce 
rod-sliaped conidia al the ends The.«c eonidia arc motile, exhibiting a 
slow creeping movement , attach lhem«clve«, and develop into threads. The 
habitat is hot sulfur spnngs 

The type species is TAiotJinx m'lfa (Rabenhorst) Winogradsky. 

Cenuf t BeggUtoa Tret'uan 

Threads shcalhle^, formed of fist discoidal celb, not attached. Multi- 
plication by trvn.sser*e splitting of the thread*. Show unduUtor>’ creeping 
Cells cont.sin granules of sulfur. 

The t>*pe rpceica is Brggiatoa alba (Vauehcr) Trcid^an. 

Crnus S. Tbloploea Louterbom 

EilamentJ BrprMfoo-b'Ve, with cumeroas sulfur granules, motile, lying 
parallel in con.*iderablc cumbrn, or united in bundles mtlowKi in a colorleM 
layer of prUtin. 

The type spenes i« T^iopfoco »ehm«f7ei Lautttbom 
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FAMILY III. ACHROMATIACEAE BUCHANAN 

Unicellular, largo, motile (by means of flagella?). Cells containing 
granules of sulfur (or in one form possibly oxalate), but no bacteriopurpurin. 

Genus 7. Achromatlom Scheinaloff 

Cells large, nearly spherical (in newly divided cells), to ellipsoidal, 9 to 
22 by 15 to 43 microns. Cells closely packed with large granules, at first 
interpreted as sulfur, but later as calcium oxalate. When granules are dis- 
solved, cells show a coarse structure. Cells are motile. Cell division resem- 
bles the constriction of flagellates rather than the fission characteristics of 
bacteria. 

The typo species is Achromattum oxalifcnim Schewiakoff. 

Genus S. Thiophyaa Iltmc 

Spherical cells, the cell membrane of which is loaded with sulfur granules. 
The protoplasmic layer surrounds a large central vacuole. The oxalate is 
contained m the %acuolo Cell nucleus not recognized. Flagella lacking 
Cells elongate before division, divide into biscuit-ehapcd cells. Cells 7 to IS 
microns in diameter 

In the presence of an excess of ox>*gcD the sulfur drops disappear, and 
only the oxalate remains. With a lack of oxygen, in the presence of HaS, 
the oxalate duappears, and sulfur drops fill the cell. 

The type species is Thtophysa volutans Ilinze. 

Genus S. Tbiospira Vtslouck 

Colorless, motile, slightly bent, somewhat pointed at the ends, with 
granules of sulfur within the cells, and a small number of flagella at the ends 

The type species is Thwsptra mncffradskyt (OmeliansLi) Vislouch. 

Genus If, Hilthoasia IFcst and Griffiths 

Cells ver>' large, 20 to 33 by 42 to 86 microns. Motile by means of pen- 
trichous flagella. Cells packed with large globules of oily amorphous sulfur. 

The type species is lltUhousta mtrabilis West and Griffiths. 


ORDER VI. MYXOBACTERIALES JAHN 
The cells develop as a colony (pscudoplasraodium or swarm) consisting of 
slender relatively flexible elongate rods. The cells move together as an 
advancing mass by the excretion of a slime. No flagella. The fruiting 
bodies may consist of numerous spores which develop by a shortening o 
the rods, or of cysts in the interior of which lie more or less shortened 
Fruiting bodies various, sometimes sessile, frequently stalked. Usua y 
colored, frequently yellow or red. 

Usually cultivated on dung media Most species found on dung, or 
isolated from soil. One species aquatic, parasitic on Chdophora. 
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FAMILY I. ARCHANGUCEAE JAHN 

In the organisms belonging to this family the swarm (pseudoplastnodium) 
produces irregular swollen or twisted fruiting bodies, or develops columnar 
or finger-like growths usually without a definitely differentiated membrane. 

Genus 1. Arehanginm John 

Etymology, Greek (nouns) primituc and rcssel (according to Jahn, this 
genus Is the most primitive). 

The ma.s,s of shortened rods embedded in elimc form a pad-shaped or 
more rounded superficially swollen or tuberoas fruiting body, even with 
homy dnision.’ The fruiting body has no membrane In the interior can 
bo seen a mass rescmhlmg coded intcslinc-s The windings of this cod may 
be uniform, or irregularly jointed, free or stuck together; the ends may be 
extended and horny Instead of a membrane there may be loosely env dop- 
ing slime. 

The type species la Archangntm uephyra Jahn. 

Qenua i Stelangioei John 

Etymologj** Creek (noun) pillar or column and veasd. 

Diagnosis Fruiting bodies are columnar or finger-like, sometimes forked, 
without definite stalk, standing upright on the siibslralc. 

Type species, S/dangium rnttaeomm (Thaxicr) Jahn. 

FAMILY II. SORANCIACEAE JAHN 

Et\mo!og>’ Greek (noiin<) — heap and vevel. 

Diagnosis The shortcnc<l ro<ts of the fruiting body lie in angular, usually 
relatively small, O'sta of definite polygonal shape Often many of these 
eysts arc surrouniled by a common membrane The primary cy»t may be 
difierenliatcd from the angular or secondary cysts No stalked forms are 
known. 

There is n single genus, Soranytutn. 

Genus t Soranglnm John 

Elymology Greek (noim«) -■ heap and aew| 

Diagnoei* As the family The cysts are united into rounde<l fruiting 
bodies 

Fnc specie* hiae been allocateil to Ihw genus 

Type specie* 5oronyiwfn gehrortm Jahn 


FAMILY III rOLYANCIACEAE JAHN 
FlymoloK?' Greek, mxnv »evel« 

Djtgnoi* In the fniitmc l>o>lir* ihr more or le*.* shortenetl fol« he m 
round'll fv*!* of definite form He well-<Iefne«| wilj i« rompoe.l of 
hxrdene*! shme. and 1* yrllow, re«l. or bro*tii*h The cw-t* may l>e tinile-l 
bv a <lf finitely »i*i*''e slime membrane, the remnant of the »erel«li*e shr^e 
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or they may be tightly appressotl and cemented by the ecarcely visible rem- 
nanta of the slime, or they may develop singly or in numbers on a stalk. In 
the more highly developed forms the stalk branches and carries the cysts at 
the tips of the branches. 

Genii* /. Polyaagiam Link 

Etymologj* • Greek, many vessel*, referring to the numerous cj’sts. 

Diagnosu' Cj'sts rounded or coiled, surrounded by a well-developed 
membrane, cither free or embedded in a second slimy layer. Eleven species 
are recognized of which the type is Polifangtum vitellinxim Link. 

Genus S. Syttaaginm John 

Etymology: Greek (noun), together and vessel, referring to the clustering 
of the cj’sts. 

Diagnosis: Cj'sts provided with an apical point, united more or less com- 
pletely to rosettc-shapod, hemispherical, or ephcrical fruiting bodies. Of the 
three Bpccica described, the first named, Synangium «c*n7c (Thaxter) Jahn 
may be designated as the type. 

penm S Metittasginm John 

Etjrmology: Greek (nouns) for bee and vessel, because of the honeycomb 
pattern of the membrane. 

Diagnosis: Cysts brownish orange-red, on short white stalk, like a mush- 
room Has appearance of a whito-atalked Boletus. The rods inside stand 
at right angles to the membrane. On germination the covenng membrane 
is left colorless and with an appearance of honeycomb 

The genus has a single (type) species McUltangxum boletva Jahn. 

Genus i. Podanginm Jahn 

Etymology : Greek (noun) foot and vessel. 

Diagnosis: Cj’sts chestnut brown or red-brown, single on a more or less 
definite white stalk 

Three species described; of which the first Podangium ereciunt 
(Schroeter) Jahn may be designated as the type. 

Oenus 6. Chondromyces Berhiley and Curtis 

Etymology. Greek (noun) = grain and thread (fungus). 

Diagnosis : Cj’sts compactly grouped at the end of a colored stalk (cysto- 
phore). Cystophore simple or branched. 

TVpe species Chondromycea crocatxo Berkeley and Curtis. 

FAMILY IV. MYXOCOCCACEAE JAHN 

Etymology: From generic name, Myxococevs. 

Diagnosis : The rods become short when cj'sts are formed and deve op 
into spherical spores. On germination they elongate to rods, witbou nip 
luring the membrane. The tjT)® genus is Myxococcua. 
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Genus 1. Myxococens Thaxter 
Etymology: Greek (noun) = elime and coccus (ball). 

Diagnosis: Spherical spores in conical or spherical or occasionally ovoid 
upright fruiting bodies, united by a loose more or less mobile ehme. 

Five species, of which Mvxococcta Julvua (Cohn emend. Schrocter) Jahn 
is the type. 

Genus 2. ChondrococcQs Jahn 
SjTionym • A segregate from Myxococcus Thaxter. 

Etymology: Greek (noun) grain and ball (coccus). 

Diagnosis: Spores embedded in a viscous ehme which hardens. Fruiting 
bodies divided by joints or constrictions, often branched, usually relatively 
email. 

Five epccica arc included, of which the 6ist described by Thaxter and 
best described, Chondrocoeeixa corallotdcs (Thaxter) Jahn, may be dcsig* 
nated as the type. The first species listed by Jahn is regarded as doubtful 
and should not be considered as the O^ie, for there is no evidence that Jahn 
ever saw the species. 

Genus S. Angiococcos Jahn 
A segregate from Mj^coccus Thaxter. 

Etymology Greek (noun) ~ vessel and coccus (ball). 

Diagnosis* Fruiting body consisting of numerous round (disk>sbaped) 
cysts, cjst wait thin, spores within. 

One species only, hence the type by monotJT>y, Anffioeoeeui duerjomu 
(Thaxter) Jahn. 

OrtDEIl VII. SPIROCIIAETALES DUCIIAXAX 
Protozoon-liLe in certain characters. OIU usu.ally slender flexous spirals; 
multiplication of cells by transverse division; no conclusiic evidence of 
longitudinal divi.‘‘iOQ. Motility often characteristic but without polarity. 
There is a single family. 

FAMILY I. SriROCIIAETACEAE SINTLLENGREDEL 
Cliaractcra thofc of the order. 

Genus i SpiroebacU Ehrenbrrg 

Nonparasilie, with flexible unduhting b«ly and with or without flsgelli* 
form Upering end«. Common in sewage and foul waters 
The t>pc species w Spirochacta pUeatSu Khrenberg. 

Gcnui f. SipTAtpita Grow 

Nonparvitie form* similar to Crwt».*r>r» but without the flatten'd ridge 
or "cn«ta" which k. if pre-enl, here replaced by a straight columella or 
thifkeaing of the pcnplwt 

Tlie tvpe specify is S-tp'ofpin gnmdit Crons. 
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Genus 3. CtisUspira Gross 

Giant forms with undulating body and peculiar flattened ndge errone- 
ously called an undulating membrane which runs the length of the body. 
Parasitic in mollusks. 

The type species is Crislispira balbianii Ccrtes. 

Genus 4 . Borrelia SiocUengrebet 

Small parasitic spiral forms; flexible, with terminal filaments. The 
spirals are large, wavy, three to five in number. 

The type species is Borelha gallinarum Swellengrebel. 

Genus 6. Treponema Schaudinn 

Parasitic and frequently pathogenic forms with undulating or rigid 
spirilliform body Without crista or columella. With or without flagelli- 
form tapering ends. 

The type species is Treponema pallidum (Schaudinn and Hoffmann) 
Schaudinn. 

Genus 6. Leptospira Noguchi 

Parasitic forms Sharply twisted cylinders with flagelliform tapering 
ends, one extremity being sharply curved into a hook. 

The type species is Leptospira ieierohaemorrhngiac (Inado and Ido) 
Noguchi. 

The classification just reported is from the 5th Edition of 
Bergey’s "Manual of Determinative Bacteriology.'’ The sixth 
edition which will probably appear during 1947 will be based on 
the following outline. 

Phylum Schizopkyta (Fission plants). 

Class I. Schizophyccac (Fis-sion algae. Blue-green algae). 

II. Schizomycctcs (Fission fungi). 

Order I. Eubactcnales (True bacteria. Rigid cells that are flag- 
ellate wlicn they arc motile). 

Suborder I. Eubactentneae (Unattached and do not possess 
photosjTilhetic pigments. Includes family CoTy~ 
nebactcnaceac). 

II. CaulobacleTiincae (Sessile and stalked, attached 
bacteria). 

III. Rhodobacteritneae (Sulfur purple and nonsulfur 
purple bacteria). 

Order II. Actinomycctales (Branching, nonmolilc, mycelial 
threads) 

III. Chlamydobacienales (Filamentous, alga-like bacteria 
App Beggtatoeeae). 

IV Myxobaelenales (Slime bacteria, creeping motility). 

V Sptrochaelalcs (Flexuous, epiral cells). 
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Supplement: Groups whose rebtionsbips are obscure. 

Group I. Family liicA'cltoaceac (Intraceiluhir parasites carried by 
arthropods). 

II. Order Virales (Filler passers that grow in living protoplasm). 

III. Family Borrelomuectaecae (Highly pleomorphic parasitic 
organisms) 

Groups of Bacteria. Bacteriologists have for convenience 
grouped bacteria which have some characteristic m common. 
Thts characteristic may be of significance onlj’ in some special 
way. The “lactic acid group,” for instance, includes bacteria 
which form larger amounts of lactic acid than other bacteria. 
They arc of special interest in the dairy industry. The aerobic 
spore formers and anaerobic spore formers arc self-defined The 
latter arc important in canned-foods spoilage and in bacteri- 
ology of wounds, ^^any others could be mentioned, such as 
pathogenic bacteria, colon-typhoid group, thermophilic group, 
chromogcnic group, and acid-fast group. 

How Microorganisms Are Identified and Named. New bac- 
terial species arc constantly isolated. In some cases attempt is 
not made to identify them nith known species. In other cases, 
it is desirable to determine whether they arc entirely new species 
or whether they may be identical with or a variety of a species 
Tshich has already been described The importance of not giving 
an already named microorganism a new name has been discussed. 
The following steps arc kept in mind by careful students 

1. I'olatioa of the mifroorpini-m m pure culture This is nbyolulely 
neecviry cbe tlic clnractcn#tiw which arc reporteri will l>c for two or more 
organi«rtM ami will be uluelt-w for one microorgani'm A pure culture w 
one which contains ju«t one type or sprcicw of orgin>.«m 

3 Cnrcful Jctcrmin'ition of afl of its characteristics both morphological 
and phjsiologieal These shouM l>r determined with procedures whirh haic 
been studied and accepted When different method) arc ii«ed, different 
charactrri.«tirs msy be secure*! 

3 Careful compsrimn of the charactenstK* of the new organirm with 
tho'e which ha\c tiecn reporte*! m the literature for others which msy be 
identical with or Ide it This constitute- determination of the afiniUet or 
kin-*hip of the mieroortrmi'm 

4 Selection of a name Tins rowt l>r in aecordanre with rules of nomen- 
chlure adopted by soeictie- am! ronpcft-e*. 

5 rublication of the rhsrsrim*ticji and name of the organi'm in an 
official wicntific pubhnlion Thi* it important for eonlroiersie- may oxur 
htrr as to prionlt f)^e who ihscoirrs a new miToorganu«m rhould be 
certain that it i* projwrlv "j'uMii'heJ" aeconlsBC to acccplc*! nrlhod* 
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6. Deposition of a culture of the new organism under the name which has 
been proposed for it in a museum or type culture collection from which 
other microbiologists may secure it. This is important for it is unfortunate 
to have the description and name of an organism in the literature without 
the type culture. 
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CHAPTER 8 
MOLDS 

Molds are distinguished from yeasts ond bacteria by being 
multicellular organisms. Consequently, their morphologj’ and 
physiology are more complicated but also more interesting. 
Macroscopically, vegetation of a mold resembles a bit of cotton 
and is called the mycelium. Each thread or filament of this 
mycelium is called a mycelial thread or hypha. Two kinds of 
hyphao arc formed, depending on their purpose. Fertile hj'phae 
are those which bear fruiting bodies — reproductive organs. Some 
of them are shown later for the more common genera Vegetative 
hyphac arc those which arc concerned in the nutrition of the 
mold plant. They are comparable, therefore, to the vegetative 
or actively growing form in bacteria and other fungi. Mycelial 
threads arc also distinguished from one another by presence or 
absence of cross walls or septa (singular septum) Tlioso threads 
which have cross walls arc said to be septate; those without cross 
walls, nonseptate or cocnocytic- This, then, is one differential 
characteristic by which molds may be subdivided. 

Hyphac may be submerged or ocriol 5»bmrr(7cd hyphac 
extend into the medium on which the mold may be growing; 
aerial hyphac extend into the air Aerial hyphac probably func- 
tion in securing oxj’gcn and getting rid of excess moisture. Sub- 
merged hyphac anchor the mold more solidly so that it may pro- 
duce an abundant aerial vegetation. 

Structure of Hypbae. Each mycelial thread of n typical mold 
is made up of numerous cells each of which has variou'* organs 
found in all typical cells. The cell wall is composed of a resistant 
substance the chemical nature of which is not generally agreed 
upon. Some investigators have reported chitin, whereas others 
have called the structural substance fungus-cellulose. 

Distribution of Molds. Molds are ns widely distributed ns 
baclerin. This i« largely due to the fact that each fruiting body 
produces vast numbe •— idia which arc carried by dust par- 
151 
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tides nnd otiicr ngcnts. They are cspcciallj* able to take care 
of tiiomsdvcs under even unfavorable conditions. 

Reproduction of Molds. Reproduction among molds is 
accomplisJicd by special units called spores or conidia (singular 
conidjum). Tlie cliaractcristic color of the mold is due to pig- 




Fio. “18. DiflRTanimnti'p of Jtclhod^ of Contdial FrueUfication. 

{AJler ZopJ) 

A The coniclium u {(Trmn} Snt from an rnUncvmrnt t>i« tip ol ibe mjcelmm. RtpetiUoa 
of this proceas civee ri»e to (he ml of the eoiudis. ft In tbu cmo the eooidiopbore eosstntt* 
to form the Srat ipore Kach lueceetiing epore le formed from a precedioc ooe. Tb^ are 
formed fn jurt the reverre order ai la A. 

ment contained in the conidium. Each conidium is able to 
reproduce the species and is therefore comparable, perhaps, to 
the seeds of higher plants. Great numbers of conidia are formed 
by each mold plant, and it is easy to understand hou* molds arc 
SO prolific. Hypliae which bear conidia and the organs forming 
them are called conidiophorcs. This process of reproduction is 
often spoken of as fructification by conidia. Conidia are formed 
at tlje tips of certain mycelial threads. They are, in many cases, 
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pushed out into a chain, the oldest conidmm, of course, being at 
'the end of the chain farthest from the tip of the hypha. 

Two methods of comdium formation ha\e been described. They 
are illustrated in Fig. 48 The first method (shown in begins 
with the formation of an enlargement which becomes round and 
finally is surrounded by a membrane The first condium is 
thus formed. The process is then repeated, and thus the oldest 
conidium is at the tip of the chain The other method (shown 
m B) is different. After the first conidmm is formed, this one 
forms a little bud or projection nhich develops into the next 
spore. In this ease the oldest conidium or spore may not be at 
the tip of the chain but next to tlic mycelium 

Another method of spore production is fructification by spo- 
rangia. In this method the spores or conidia arc borne within 
a membrane called a sporangium This is iJJustratid by Bhisopus 
nigricam. 

Asexual Spores. As the mold plant nhicli develops from the 
spore grows and becomes older, certain changes m.ay be observed 
at the tips of certain of the mycelial threads, depending on the 
species. These tfircads bear the so-called fruiting bodies or 
organs which arc to form the conidia or spores, as described in 
tlic preceding paragraph. 

Some molds produce a«exual spores witliout formation of 
special organs. The whole mycelium seems to be able to break 
into segments called oidia (singular oidiuinl Such cells ore pos. 
sessed of the properties of spores or resting cells. 

Sexual Spores. These arc formed by many «pceics of molds 
but may not be formed by all species in a genus. They result 
from fusion of two cells which function ns gametes The result- 
ing cell, a lygotc, then forms a thick wall about it and assumes 
characteristics of a spore. It remains in this form until fa\orablc 
conditions occur when it germinates into a growing plant The 
resting cell is also knowm as a tygo'porc In Ilhizopus nigneans 
it results from fusion of cells in mycchal threads which are of 
oppo'ito sex. 

Properties of Mold Spores, Since the mold spore or conidium 
is a re«ting stage in the life cycle of this plant, cert.am powers of 
re«i«tancc arc to be expected. Pn«tcur showeil that moi*t heal 
destroyed the s;>orcs more quickly than drj’ heat. Sj>ores of 
rcnin'lhum plminirn were killol quickly by l>oiling but fui^-ive«l 
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dry heat at 120®C. for an appreciable time. Mold spores also 
survive cold and treatment with disinfectants. They are far' 
more resistant than ascospores of yeasts but, perhaps, not quite so 
resistant as spores of some bacteria. Data on the effect of several 
physical agents on mold spores are not abundant in the literature. 
Another investigator by the name of Lode stated that dry heat 
of 125®C. killed all mold spores in 15 minutes; 80°C. for 70 
hours was nuthout effect. iVeinairi reported that mold spores 
withstood from 68 hours to 5 days continuous exposure to 
sunlight. 

Germination of Spores. Spores are resting stages which ore 
very resistant to unfavorable conditions. When favorable con- 
ditions are present the spore may germinate — develop into the 
active growing stage. This involves, of course, rupturing of the 
outer wall with often an extrusion of the inner wall. Finally a 
thread-like structure is formed, and the plant is ready again to 
reproduce these steps. 


ORDER MUCORAt.ES 

The members of this group multiply with both sexual and 
asexual spores. The former are not readily formed by all species 
and consequently are not commonly used for classification. The 
mycelia are coenocytic (nonseptate). Conidia are borne at the 
tips of fertile hyphae which are called s^orangiophores. They 
are borne in a sac called a sporangium. 

Genus Mucor. This is one of the commonest genera of molds, 
many members of which arc of considerable importance. Species 
of this genus are widely disseminated in nature and are active in 
destruction of organic matter. One species is used in manufac- 
ture of ethyl alcohol by the so-called amylo process. 

The general characteristics of members of this group may be 
briefly stated as follows: There is strong development of threads 
beneath the surface of the medium which support the aerial struc- 
tures. These threads, comparable to the runners of strawberty 
plants, are called stolons. Aerial hyphae, possessing sporangia 
at their tips, are called sporangiophorcs. IVithin the sporangium 
are formed great numbers of black spores. When the sporangium 
breaks, these spores are released. The mycelium of mucora is 
nonseptate, giving one useful characteristic with which to differ- 
entiate them froni other molds Great numbers of spores are 
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liberated by each sporangium They are disseminated and ger- 
minate to reproduce the species when they fall on good soil or 
media. Such spores are asexual. 



Tio. 49. M ucor miicfda. Formation of ttg (Afltr IlrrftM) 
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of lliatWMtn •. «b* m*int>nn« Ituekrnk. 4 

of 6. OtnniMUoa «>f tb* *Tr»T«»« »« • *pnr»Ri 1 um ttom 
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Another type of spore, o sexual spore olre.ady <h*cu««c(l a 
lygosporc, i.4 also formc<! by Mucors. Such a spore shown 
in Fig. -19, .Afucor mucedo. This species i^ ^kidcspre.'ul in nature 
and frequently appears in spoilcd-foo«l product? in wliich it 
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develops with a dark color. Its metabolic activity makes it 
important, 

^fucor rouxii. This mold has been found in material known as 
“Chinese yeast” used in the preparation of fermented beverages 
from rice. It and some of its near relatives produce an active 
amylase which has given the mold importance in several indus- 
trial fermentations. On account of its diastasic activity, Mucor 
rouxii was used m the so-called amylo process for manufacture of 
ethyl alcohol from starchy materials. The mold is added to the 
cooked gram mash after which it is aerated vigorously for 24 
hours to cause rapid development of the mold and to develop its 
amylolytic ability as much as possible. This results in hydrol- 
ysis of the starch to fermentable sugars which, in turn, are 
fermented to alcohol by yeast which is added for this purpose. 
Other species of molds belonging to the genera Rhizopus and 
Aspergillus have also been used. 

Genus Rhizopus. Members of this genus are widely dis- 
seminated especially where organic matter is undergoing decom- 
position under moist condi- 
tions. The conidia are formed 
in large numbers and are car- 
ried about by wind and dust. 
General appearance of the 
mold is quite like that of the 
Jlucor just described. Both 
aerial and submerged hyphae 
are formed. IVhen aerial 
hyphae touch solid agents, 
they form rhizoids which 
anchor the thread. Stolons 
are also formed which are 
comparable to runners of cer- 
tain plants. Mycelium of 
young growth is usually white, 
turning to darker hues as the 
plant ages. 

Rhizopus mgncans is per- 
haps the best-knon-n species 
because it is widely spread in nature and easily cultivated for 
study by young mycologists. It is an active destroyer of certain 



Fio. 50 Effect of Rhizopus nigricans 
on Stran-berries of the MissJonaiy 
Variety Which Had Stood for 2 Days 
at Room Temperature. Each beny 
m the Sask at the right had been 
inoculated with Rhzopus nigricans. 

{AfUr SUiens, 1917 ) 
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fruits such as fresh ripe strawberries It is one of the frequent 
contaminations of laboratory cultures. 

It was characterized as follows by Jensen (1912) : 

Rhizopus nignean^. Stolons far-^rcading, e\pn growing onto and 
spreading over the culture glass, co\enng the substratum and its neighbor* 
hood with thick cobwebby growth 1-3 cm Jong and occasionally still 
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with broad base, very large, brofldJy half globose, highly arched, with 
apophysis 70 /x broad by 90 n high to 250 n broad by 320 n high, with brown 
smooch membrane, often covered with spores after opening of sporangia, 
often becoming pileatc, spores irregularly globose or broad oval, mostly 
with one or two blunt camera, variable in size, &-17 n in diameter, mostly 
somewhat longer than broad, with thick double membrane on which are 
seen mendian-Jike io)ds, Tight pate gray, contents colorless; zygospores 
globose or barrel-shaped 160-220 n in diameter; exospore firm, brown-black, 
opaQue, closely beset with ha\f-glohose, globose high W’arts; endospore 
colorless, thick, with small outgrowths filling the warts of the exospore; 

snspensora awoliea, comtaonly unequal, al- 
most as broad as the aygospore; azygospore 
observed. 

A sexual method of reproduction is also 
exhibited by Rkizopus ntpricans. This mold 
is dioecious — it possesses both male and 
female mycelia. When jnycelia of the oppo- 
site sex approach each other short tubules 
from each unite and the contents of the cells 
fuse. A large cell results which is » fVgo- 
apore. 

Rhizopiis oryzac. This was a eignMcsnt 
species in early industrial microbiology, It 
was once believed to be a good microorgan- 
ism for manufacture of lactic acid. Mold 
fermeatation for production of this acid has 
been largely replaced by bacterial fermenta- 
tions. Rkizopus oryzac. produces d-lactic 
acid while the bacterial fermentations pro- 
duce d and /-lactic acid. Other organic acids 
are also produced by fermentation of sugars 
by Rhizopus orptac. 

THAMNIDIUM 

This group is much liltc the Mucors. 
The members possess sporangiophores 
w'ith a sporangium on the end and 
also show branching of the sporangio* 
phore. At the tips of these branches are also found sporangia 
filled with spores. The members of this group are frequently 
found in foods. A representative member of this group is 
Thammdium elegans (see Fig. 52), 

PENlCILltUM MOLDS OR BXtr£-GREEN MOLDS 
These are common in nature. They may be 
from citrus fruits which have begun to spoil and show e pr 



ViO. 62. Thamnidium cte- 
gans Link. (After Jensen) 

A, Sporansfopbore and 
sporangia. B. fiporangiophore and 
Nsbaosporangia; D, ultunate dlvi- 
sions of Sporangipphore with Spor- 
angiplea, E, Columella of Haupt- 
aporangiuin. 
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encc of blue-green spots. The name Penictlhum comes from the 
Latin, meaning little brush, and is used because the gross form 
of the mold is brush-shaped. The mycelium is septate and 
usually blue-green in color. Toward the tip of the threads 
branching occurs to such an extent that a thick tuft is for.ncd 
At the tip of each of them are formed the spores of conidia. These 
conidia are formed in great numbers and finally break off to be 
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disseminated by air and water currents and by other mean®. 
Along with tlic color, the Rcncml fhnpr of this ma«s of conidia- 
bcaring byphac, called coremio, is used in cln^ification of these 
fungi. The hyphac are septate. 

Pcnicnimm roqucforli This species is u®ed for prcp.sration 
of Roquefort cliccse, os its name would indic.stc. Thi® type of 
cheese is filled with bluish-prcen m.n®*es whicb. if ex.smine<l 
micro*copicnlly, nppe.sr to contain a great number of spore*. 
Unlike CamcmlKrt cheese, the preparation of which i* de*cril>otI 
in another par.sgraph, PcnictWiwai roquc/orfi grows within the 
cheese and ripens the mn«* in llii* manner. Roquefort chce«c is 
made in somewhat the following manner, Tlic mold to be used 
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ns starter is cultivated on eomc nutrient material such as bread, 
in order to secure a good crop of spores with which to seed the 
curd from which the cheese is made. The curd is prepared from 
milk with rennin. The whey is taken off, leaving the solid por- 
tions of the milk. The drained curd is then spread out in a thin 
layer over wliich is sprinkled a little of the mold starter. Alter- 
nate layers of curd and mold starter arc used until the cheese’ 
maker has a cake of the desired size. It is then pressed into 
shnpc and placed in a machine which punches it full of holes. 
These holes arc nccos‘'arj* to allow the ingress of air essential for 
the gron-th of the mold. In this manner the mold is propagated 
within the cheese and, in its metabolic activities, gives rise to 
those compounds characteristic of Roquefort cheese. The home 
of Roguefort cheese is in southern France. “Blue cheese” is the 
American equivalent of Roquefort cheese. 

PemciUium cafnemberth. This species is used in the prepara- 
tion of Camembert cheese. As is the case with many molds used 
in the industries, this species is well provided with enzymes. 

Pcmcillium notatum-chrysogenum Group. These species arc 
known for their ability to synthesize penicillin, an antibiotic, dis- 
cussed in other places in this book. 

ASPERGILLUS MOLDS (ASPERGILLI) 

Species of Aspcrgilli are common in nature. They are always 
encountered when c.xaniinations are made of mold g^o^Yth on food 
products. Fertile hyphac are slender but thicken toward the 
tips to give a club-shaped appearance. About this club-shaped 
tip called a bas%dium are formed small projections called stmp- 
inata at the tips of which appear chains of conidia. The whole 
surface of the basidiuin is covered with these organs and their 
chains of conidia (Fig. 54). 

Aspergillus glaucus. This species grows on various foo 
products and is encountered in many cultures of natural matena s 
The name has been used for many Aspcigilli of somewhat dnerse 
characteristics Owing to lack of preciseness, Thom and phurc 
did not retain the species name in the monograph on Aspcngi i. 

Aspergillus fumigatus. This species and a few closely re a e 
to it are involved as etiologic agents in human and amma is 

cases. It causes an infection known as aspergillosis m 

ear infections in man. Conditions in the ear, presence o wa , 
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temperature, and moi«turc, are favorable to its development It 
may develop slightly in the ear without ‘symptoms, later, if fur- 
ther development occurs, the middle car may bo inv'oli cd Severe 
infections of the respiratory tract arc also caused by Aspergilli. 
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Aitpcrgillun niger. Tlii< a widely di«?rminatr<i rprncs nhicli 
causes spoilage of certain foo<|< It cauw* mo't trouble in foods 
i\liich are rich m sugar anil iirganic acid*. It tlivelop* readily 
on lalKiratorj* iiu-dia and iiwy be ca«ily stuibed It i* nbo the 
fungu* u«c<l in the biolugif al preparation of «»xalic nn'l citric acids 
by fcrmenlatiun. WcIuiut “tatr*! that the sugir «a* oxidirctl 
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directly to oxalic acid and water, probably in accordance with 
the equation. 

C 6 HicOa+ OO -» 3C3H6O4 + 3H2O 

Dextroao Oxygen Oxalic acid Water 


Later Currie working with Thom showed that citric acid was 
also formed and that it was probably the precursor of oxalic acid. 
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germination of comdis and new conidi» produced directly on the breu'**.’ 

Citric acid is prepared today in this manner. It is 
carry out the fermentation in the presence of calcium car ° 
Citric acid production by mold fermentation has reac e 
a volume in the United States that this country has 
sufficient for some years. It has exported large 
the detriment of the Mediterranean area which former y 
citric acid from citrus fruit for importation into of 

States. Fermentation citric acid is now produced in ml 
pounds at a cheaper price than by the older metho s. 
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Aspergillus clavatus. This spocics produces clavacin, an anti- 
biotic which has some value in treatment of disease. Fumagacin 
is a similar substance produced by Aspergillus fumigatus. 


BOTRYTIS 

This is another fungus frequently found in food materials. One 
species Botrytis cinerea, was studied by pathologists of the U. S. 
Department of Agriculture as the cause of spoilage of straw- 
berries. This species apparently had a low-temperature range 
for it grew at refrigeration temperatures. Species of this genus 
have also been found on frozen meats. 



Fio. 57. Oidium lactia, {After Thom) 


C,b, Dichotomou* brsnehio* o/cro»in( hypbtr.t, d.g.ttrtiph ehain* of 
iubitrttum at dotted Lne x-v, dotted porlK>ii»*ubD»«ifed,e,/, chain* of oldi* feo>n • ^ 

outgroa-th of aaubmerged ccif. A, brancfoDgchwoofoidia;*. i, m, ». e.p. *. i,,K.. af 

tioB of oidia under varying condition*, t, diagram of a portion of a colony »ho 
OWiun l/irtu a* ***11 in culture media. 


OIDIUM (OOSPORA) 

Thi. miild i. tli/Icrcntiafcd from some of its ncishbors 
ab-ence of n-cH-cio/ined bodios. It is a septato mold. Eacb o 
the threads .5 able to break up into “oidia,” units quite com- 
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parable to the spore or conidium. Oidia are usually rectangular 
with rounded corners. They have the characteristics of spores. 

Oidium lactis. This fungus is quite widely distributed in 
nature. It is easily secured from sour milk on which it grows 
as a velvety layer. Jensen described the species as follows; 

Colonirs far rpreadinR, mcmbranacroua, \eh'ely, pure white, often becom- 
ing a thick covering o\cr substratum, hypliac simple or branched, creeping 
or somewhat a«ccnding, hyaline, of variable length and breadth mostly 
C-I2 M broad, breaking up into irregular pieces that are to be coa«idcred 
as spores; spores cylindrical to o\atc, often also globose, or somewhat 
irregular in form, mostly 6-20 n long 

ALTERNARIA 

Altcrnaria arc characterized especially by a muriform conidium 
or spore. Such spores arc multicellular and are usually dark in 
color. They arc usually obscr\-cd in chains 
AUemana are widely disseminated in nature 
and are frequently isolated from food products. 

Evidence exists to indicate that some species 
may be pathogenic. 

MONltlA 

Monilia species arc like the yeasts in many 
respects. They tend to form long cells t\hich 
appear as threads under the microscope. The 
group 18 not well characterized. IntcroH in 
the past was drawn to the group by Momba 
Candida which was iilrntificd by llanscn. He 
found the fungus rather wulely di'lnbutetl on 
fruits, soil, and cow dung The fungus grows 
well on wort show ing an abundant film forma- 
tion and vigorous alcoholie fermentation at 
tlic same tune. Another intensting fact about thi< fungus is 
that it ferments cane sugar, yet several eminent luolngiat'^ have 
not been able to drmon«trnlc inverta«e seerction liy the cell. 
Some cviticncc is available to show that intracrllular inverta*r 
i« formed and probably rctainnl within the cell 

Mold Defects of Foods. Mold* are ver%* Irouhle^ome organ- 
i-itn* m the foofl-prr-or\.ation indu»tr>’ Although Ihcy are 
probably h.armlr** a* agrnl* r.iu«ing di»e.a«e, Ihry do render the 
food un«ightly and may even bnng about chemical change* which 



Fin 5S Alterruina 
/a»nni!ala. (After 
Jen*rn, 191S) 

A, snl 

n.BRl,Al rlun H, Co- 
bkIik mUrexL 



fCQ 


MOWS 


modify its constitution. Many foods which undergo mold spoil- 
age arc contaminated after the food has been prepared For 
instance, "sweaty or runny’* maple sugar has been found fo be 
due to mold growth. Molds were contributed to the sugar by 
contaminated tin and wooden containers and wrapping papers. 
FojJ-wrapped cheese molds under some conditions and cannot 




Fiq. 69. Afonilia Candida. (After ffansen} 

A, Cells from Cultures id beer «ort, 2}, e«He from • film on the surface of hquid rnwhs. 

be stored over very long periods. Another food spoilage caused 
by these organisms is moldy bread. This occurs especially 
during warm moist periods of the year. Bakers must continually 
light molds. Meat packers also have a mold problem because 
frozen meats and cured meats become covered with myedial 
growth. Other instances could he mentioned. The ubiquitous 
mold spore causes much trouble in food preservation. 

FUSARIDM 

Species of Fusarium are frequently encountered by miwo- 
biologists They have been found to be important in the dry 
rot of potatoes and other vegetables. Fusaria form macroconidia 
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although in certain species microconidia appear. These fungi 
usually grow well on ordinary media yielding vigorous dense 
growth. The spores germinate much as do other spores. Fusaria 
are encountered in many products. 

ACTINOMYCES 

These organisms are characterized in the classification which 
has been presented in Chapter 7. They are mold-like organisms 
which include both parasitic and saprophytic species. Several 
human and animal diseases caused by Actinomyces are discussed 
in the following paragraphs. 

Actinomyces antibioticus. This species has been much studied 
for production of actinomycin, an antibiotic substance antagonis- 
tic to disease-producing bacteria. The species was isolated from 
soil and possesses strong bacteriostatic and bactericidal proper- 
ties. It produces black and brown pigments in culture media. 

PATHOGENIC MOLDS AND MOLD-llKE FUNGI 

Among the molds, as among the bacteria, certain species arc 
pathogenic for man and other animals. Lesions caused by molds 
are not unlike those caused by bacteria. Diseases caused by 
them and other fungi are often called mycoses, the specific myco- 
sis being designated cither from the ctiologic agent or the type of 
the infections. Thus, such names as bronchiomycosis and acti- 
nomycosis are secured. A few of the more common infections 
caused by fungi will be discussed. 

Ringworm, This is a very communicable skin infection and 
an insidious one to treat. It is caused by a fungus Trichophyton 
tonsurans which burrows into the skin, wliere different agents, 
usually emploj’ed in its treatment, cannot reach it. It is usuallj 
treated with fungicides such as turpentine ointment, X rays, or 
ultraviolet light. The appearance of the lesion caused car y 
investigators to name the infection ringworm because there is 
marked tendency for the lesion to heal at the center and 
at the periphery. This gives the ring appearance, '\^hen e 
fungus infects the hairy portions of the body, the infections are 
treated with difficulty. Other infections arc caused by the same 
agent. Barber's itch, herpes tonsurans, and similar 
caused by Trichophyton tonsurans or related species. 
fungi are also pathogenic for other animals. 
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The fungus causing ringworm is especially prone to attack the 
hands and feet. When the feet arc infected, the infection is 
called “athlete’s foot.” Surgeon-General Gumming of the U. S. 
Public Hcaltli Sendee has stated that probably at least one half 
of all adults suffer from it at some time. Those who use swim- 
ming pools, athletic clubs, or any places where there are common 
dressing rooms, may have the infection, usually on the feet. The 
parasite is quite resistant and m.iy live and grow on other agents 
than the human body. Gumming stated that 15 minutes’ boiling 
was required to kill it. Such agents as bath mats, stools, and 
the like may spread the parasite. Infected individuals should 
not use bath mats but paper which may be burned. It is obvious 
that strict cleanliness is necessary. Dressing rooms should be 
thoroughly cleaned and disinfected 

Aspergilloses. Several species of Aspergillus cause infection 
in man and other nnim.als One of the best-known is Aspcrgillu$ 
Jumigaiut. The di«casc caused by this mold in fowls is called 
aspergillosis and is charactcriied by formation of nodules on the 
mucous lining of the upper respiratory tract. Each of these 
nodules contains growth of mold about which is formed a layer 
of animal cells. As growih increases the surface of the mucosa 
becomes greenish in color. Asperi;ilfu« fumigates which causes 
this infection is a resistant species, tlic spores of w-hich seem 
to be quite widely spread in nature. They are probably dis- 
seminated in food and drink of tlic fowls. It has been stated 
that foods winch arc cseeptionnlly dusty and dirty arc more 
likely to cnu«c infection. After the funpu* has become cstnb- 
li«[icd it propagates it«clf to such on extent that (he respira- 
tor}’ trad is fillc<l, civu«ing great diHiculty in breathing and 
finally suffocation 

Meinbers of the genus A.«pergillu« ol«o cau«c infections among 
human being® They may enu'e lung infections which are much 
like tuberculo®)®. Fkm infections have nbo been found to be 
due to A*j>ergiUi. 

Altcrnaria Infections. Allrmaria h.ave l>rfn found to l>e pre«- 
ent in infection* in the re«pir3tor}* tract r«poein!iy tho«e of 
chronic pulmomr}* (vjv S«ime of thr-e infection* have been 
meonrlu«iveIy «b.agno*r»l Irtit, since no other etiologie agent cou!<l 
l>c found, .\ltem.irn h.a- liern reganled a* the important r.au*.Tl 
agent. 
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Actinomycosis. Infection with Actinomyces is known as acti- 
nomycosis, lumpy jaw or wooden ^tongue. It is a fairly common 
infection in animals of certain countries. Human beings may 
also not infrequently become infected with the organism Acti- 
nomyces bovis. The disease is an insidious one to treat. It is 
usually characterized by formation of much pus and sloughing 
away of tissue and bones. The organisms causing actinomycosis 
are believed to be widespread in nature in grains and similar 
materials. They got into the subject throu^ an abrasion or 
into the respiratory tract by inhalation. The disease is not 
epidemic but appears ns isolated eases. This is perhaps one 
reason why diagnosis is delayed and treatment unsatisfactorj'. 
Actinomyces necrophorus, or an organism very much like it has 
been isolated from cases of puerperal infection. 
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CHAPTER 0 


THE YEASTS AND RELATED ORGANISMS 

The terra yeast is used with different meanings. Generally 
two characteristics arc emphasized, formation of appreciable 
amounts of alcohol and carbon dioxide and reproduction by a 
process spoken of as budding. These arc un«afe criteria, how- 
ever, for grouping an organism with yeasts Many organisms in 
quite different genera form alcohol and some reproduce by bud- 
ding. It is impossible to establish limits of any group without 
finding that borderline organisms cause confusion. For con* 
vcnicncc, perhaps, yeasts arc roughly divided into two groups, 
true yeasts and pseudo or false yeasts. The former produce 
oscosporcs; tlie latter do not. Pseudo yeasts arc also considered 
ns “fungi impcrfccti." 

Botanical Position of Yeasts. Yeasts arc often called budding 
fungi The term fungus has been discussed on earlier pages, and 
the term budding is defined in a later paragraph. True yeasts 
arc A'-comycctes vihich arc able to form endosporcs or oscosporcs 
in a sac called an n‘‘CU8. At first thought, one might regard this 
ns tiic same phenomenon •Rliieb we have discusscil for mold’’, that 
is, Tvhcrc a spor.mgiura was formcil to contain many conidia, or 
spores IIu\^c^er, tins is different. In the sporangium there arc 
many nuclei concerned, but in the n«cus only one « hen the process 
of sporulation begins. Becau«c of the prtsenre of an nscus with 
n«co‘porc'«, true yeasts arc A«coinycctcs. Fabc yca«ts do*not 
form nsco'-pores and arc therefore “fungi imperfecti.” Evo/u- 
tionnrj" dc\(lopmcnt of tlic yc.a5ta is an intcre?ting subject but 
one which need not concern u** here. 

Habitat of Yeasts. Yea*l« arc widely di«tributc<i in nature. 
Tlicir habitat w n* •tudif’d by some of the early in\ t <tigator«, one 
of whom, IliTfeld, .«tate<l tint th«‘y were r<j>crially common in 
excrement. The n**earrlirs of P.a»t»ur and Ilnn'cn greatly ampli- 
finl our information on this subjtcL Pasteur riported that 
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yeasts were present on ripe grapes, which raised the question as 
to where they spent the winter when there were no grapes. It 
remained for E C. Hansen, in 1880-81, to answer tlie question 
Hansen, working first with a species Saccharomijces apiculatiis, 
found that it reached the soil by being washed from the fruit 
by rain, and there it passed the winter. This fact was 



Fig 61. SlioT\inR the Different Shapes of Yeast Cells. 

(Afifr GutUiermond) 

satisfactorily proved by later investigations. The transportation 
to the skin of fruits is easily c.xplaiQcd. The yeasts may be 
blorni about in dust One investigator found that insects played 
a role in helping to disseminate the yeasts. They are probably 
as widely disseminated in nature as bacteria. 



Fio 62. 5acc/iaromi/cejcf/-msi<ie,ShoningthcCellShape3ofCelIsfromlhe 

Sediment of Young Qiltures. (A/fer Hansen) 

Shapes of Yeast Cells. Yeasts arc unicellular organisms varj'- 
ing greatly in shape. Most of them have cells which are roun 
or oval. One species has sausage-shaped cells. Cell shape is 
one of the first differential characteristics which may be use or 
the separation of one species from another. A number of names 
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of shapes have been accepted as t^Tics and are convenient when 
one wishes to indicate shapes of yeast cells: 

Ccrc\i'iac — roiin'l or globubr, L'olatcd cells. 

Ellip^OKlciis — elliptical cells 
Pjstorianus — e3lL^'»fn^-6hapcd cells 
Apiculatus — lemon-shaped cells. 

Mycelial Structures. Some yeasts show marked tendency 
toward what arc called mycelial formation^ Tlicse are thread- 



Fio rO Saerkarom'^m fcrmnoc. CMI« fmm the film of * rtiltorr at l.l* 
{.SfUr Ranvn) 

like nntl pivr tlie yca«t the appearance of mold* Thi« tendency. 
n« ran Ik* ea'-ily uniIrr«l(Kxl, r.ati«cd confti'ion amnnj; the early 
!x)tnni'‘t« ttlin were trj’inp torl:t*«ify and identify vnritm* «i>efie< 
Myrdinl formation* n|ii*<nr c*jvrially in prllirlc*, aril*, or fil.ms 
<rn the top «'f fi nil' iitinp Inpiid* — nhen thiy nrr fcnnctl Myro- 
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dcnna species ore typical film formerB. They produce a film 
in n vciy’ short time. Some Sacchoromyccs form n typical film 
but require a longer time. Different explanations have been 
offered for the formation of films by certain species. Some have 
suggested that the ability to gron' on the surface was due to 
formation of fat by means of which cells resisted wetting. Others 
have believed that it might l>e due to demand for free ovy’gcn. 



Fjo. 04, DLigrum of VeaH Cpib. (After Waffer, fOtt) 

1. NucIpoIujs. S, Pfnpbermi laj ef o/ thnwomlin, 3, patch on oo* •‘'1* of nucleoliw 

4, Muelesr vacuole 0, Central 'oluliii cranulr* in th« vacuole. B, Ctromaiin net^oiV. 7. 
Granule* of fatty aubataneea. 8, Volutin cranuW 9, Cljoo^eii vacuolca. 10, Dchcat* 
pending threads for the central lotutin granule 

Structure of Yeast Cell. The yeast cell is a typical cell pos- 
sessing all the usual organs Yeasts are especially useful orga- 
nisms for the study of cytology for they grow rapidly on ordinary 
media and are easily studied microscopically. Jiany of the data 
secured with the yeast cell have been used as bases for deduction 
and experiment with the smaller bacterial cells. 
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Cell Membrane. Yeast cells possess thick easily demonstrated 
coll walls. Some investigators have reported the presence of a 
special type of cellulose. The membrane on some yeasts may 
consist of two layers. 

Nucleus. The nucleus of yeasts is lai^e and may take up a 
considerable portion of the interior of the cell. The nucleus is 
usually globular, at least in young cells, but may vary in shape 
as the cell grons older. The nucleus plays an important role in 
the reproduction of the cell since it undergoes a division, one part 
remaining in the mother cell and the other going into the bud if 
the species reproduces by budding 

T^acuolcs. These organs arc visible m yeast cells as slightly 
refractive bodies. ^Yhcn the vacuoles increase in number, or 
uhen they become quite large, exhaustion of the cell or lack of 
food is indicated. Vacuoles arc filled nith a liquid the exact 
nature of 'nhich is not clearly undemood. 

Granules. Microscopic examination of a yca«t cell usually 
reveals the presence of granules which appear as refractive units 
They arc usually distributed m the cytoplasm but may also 
appear m the vacuoles. They seem to lie absent in young cells 
but appear in older cells c.'pccially when Uic glycogen content is 
reduced. 

Reserve Materials, Yeast cclN, like the ccll« of other types 
of organism^, arc able to store appreciable amounts of rcsei^'o 
products, such as glycogen and fat The former was discovered 
by the great French physiologist, Cl.audc Ilrrn.nnl, ns the carbo- 
hydrate in the Incr of aniinnl«. Since it has somewhat the same 
function and interc»t that starch h.a« m plants, it has often liccn 
called animal starch. Glycogen h rcgnnlcd ns a rc‘cr\’c material 
since in tunes of plenty the content increases and decrca«cs 
markedly when the cell is m a staivcdeonilition Anotlicr n-serve 
product in yea«t cells is fat. The content varies greatly Cer- 
tain yea«t« arc known as fat yc.s«fs since they arc nhic to change 
simple compounds to fat. Torutn lipojcra has been de«cril)e<l ns 
such a si'ccie* A yrn«l-llke fungus, Entlomi/rcs irmnlii i« abo 
a great fat prmluccr. GuiJIienimnd stated that the fat content 
of old cells may reacli a« much n« 20 per cent on the diy !)asi.s. 

Ascosporcs and Ascosporulation In Yeasts. A«co«porfs arc 
rrproihirtnc units fonnr<l !>> tniejrasts Invo!\<d in n*co*p<ire 
foniintton is nucliar di\j*jon whither rrprmluftion i* «<xual or 
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asexual. The ascospores are enclosed in a sac called an ascus. 
Yeasts arc therefore placed in the group of fungi to which the 
name Ascomycetes or sac fun^ is given. The number of asco- 
spores which are formed is not uniform but is generally charac- 
teristic for each species. The same may be said for shape of 
ascospores. It varies widely but tends to be uniform for each 
species and is used to some extent for identification of species. 
Ascospores of the genus Hansenula (Willia), for instance, are 
shaped like a Derby hat. Other shapes are shown in Fig. 65. 


0 7^0 

12 3 4 ‘'S 

S 10 u 

Fta. 65 Shoiving Various Shapes of Aseo.-^pores in Yeasts. 

{After Gutlhermond-Tanner) 

I, Saeeharomiiei* eertmme. 3. Ilantenuh anomola: 3. Ztiffotoechorfimiicti ehtMlien 4. Iltn$invl7 
«a(urnii«, 6, P*ehxa mtmbrantfatuat, 6, 7. ccetilinlohi, 8> Saecha- 

romv«t oetuJenUlu. 9, Ntmato$pora eorvi*. 10. Coceidtatetu Uftrt 



Hansen, a Danish fermentologist, and Guilliermond, a French 
cytologist, showed that the ascus and its ascospores may result 
from fusion of two cells both functioning ns gametes — sexual cells 
which unite with one another (copulation) for reproduction. Two 
cells close to one another put out little projections which unite to 
form what may be called a copulation canal. Through this union 
the contents of one cell pour into the other. Nuclear fusion 
results and the resulting cell is like a zygospore, the nucleus of 
which soon divides into the required number of parts to form 
the ascospore. In a few cases this phenomenon of copulation 
has been observed between ascospores in the same ascus It is 
described in the following paragraphs. 

Hansen, to whom we are indebted for much of our information 
on yeast cytology, reported the following conditions as influencing 
ascospore formation: 

1 The cells should be healthy and well nourished. 

2 There should be an abundant supply of air. 

3 Water must be present. 

4 Proper temperature must be maintained (about 25 C.). 
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Germination of Ascospores. The ascospore is a resistant rest- 
ing stage which remains as such until favorable conditions cause 
it to germinate and reproduce the vegetative stage in growth 
Various methods are followed, depending on the species. 

Properties of Ascospores. Yeasts arc somctthat less resistant 
to heat than the bacteria. Vegetative cells of yeasts arc de- 
stroyed around 60°C m a comparatively short time The a«co- 
sporcs arc a little more resistant Most of tliein, Iiowcvcr, are 
destroyed by temperatures of pa«teuriration (G0-C5*C ) 




Fio. 60. iSacfAaromi/fei eermutir, 
FhuMinc the Hdrly Stapes in the Dc- 
wlopmcnt of Aoco'^wrea. {After 
Uantm) 


Flc» 07 Saethnrom'i'tn cerntnnt, 
Showine the Hvrly St.-ipra in Uie 
Germination of .\«r<>‘j>iin’3i. {After 
}lan*m) 


a. 6, (, d, and *, nu<Lm*nti o( 

wtlh in'litlinel wtlla, /. t. A, a. arxl / mttun 


«. d. «. (Mi t- rermoimn ^r t, /. kixl 

t. tb« bkTt Ijmd hn krn kti kkn«pnr» 
will) N-rml thkClbm. 


Durable Cells or Cblamydospores in Yeasts. The«c arc cells 
with thick nall«, the cell camtents of nliich are rich in glycogen 
and fats They arc s.aul to i>o"-c— .a double inenihrnne tvhieh 
may partially account for their n-'i-tance They may be com- 
parable to chhiinydo'pores nhirh ocnir in many fungi 

Reproduction of Yeasts. Yeii'-ts are unicellular organi«m« 
which reproduce hy •cxu.al and a-exual method? The latter 
eoiiiinon nnd i? knots n ns budding 

Ihulfiing After the yea«t cell ha« reached maturity it may 
bull On a fide of thi" cell, fpokrn of a« the mother cell, a Finall 
cell, or biifl, np}Viir^ sshich i' known n« the daughter cell Thi« 
hatter coll gnus- until il npproarlies the sire of llie mnther cell 
sshdi it hnaks assay nnd lis'e* a- n separate in'Iisidiia! It. in 
turn, may bud nnd thu« the »picir« i>erp< tuatu! Under 
optimum rnn<liti'>n« of tr mjKmlure and fn«>d supply, each mnther 
Cfll may fonn manv btid« nlxmt the nil If the d.auchter cells, 
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or buds, do not separate from the mother cell, a clump or mass 
of cells is formed. These attached daughter ceils may also bud. 

Transverse Division (Partition) oj Yeasts. This is quite 
another method of reproduction from the one just described. 
With budding the progeny are smaller and have to grow to 
the size of the cell which formed them. The method discussed 
here is called transverse divi' 
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FiQ. 68. Scheme Representing the 
Development of Forms of Yeasis. 
{Afltr GuxUiermond-Tanrufr) 

1. Sch. oewporu* (isoesmic], 2, Zinotacchtr- 
romyees Barkeri {|goe*mic): 3, 0” of 

Pearse and Darker (intemjcdiaee forma be* 
tneen Uo- and heterogamy), 4, ZygotatcK 
ckttalxfTx (heteMgamy), 6, liadtemta (beterog- 
amy and aecj resulting /roni tbe budding of 
eggs), 6, Veast of Rose (partbenogamy with 
traces of sexual attraction), 7, S rrrmsuie 


sion because each cell divides 
transversely to form tn-o cells 
which arc one half the size of 
the original cell. Species which 
reproduce in this manner are 
grouped in the genus Schizo* 
saccharomyces. This division 
is accomplished by appearance 
of a cross wall in the middle of 
the coll after it has elongated. 
The appearance of the cross 
wall is followed by a constric- 
tion at this point; the cell 
finally brealcs giving two cells. 
As is the case in budding, the 
cells often remained attached 
for a while giving clusters or 
clumps. 

Sexual Phenomena in Yeasts. 
For many years it was be- 
lieved that yeasts were asexual. 
However, careful observations 
by a French mycologist, Guil- 
liernaond, shon’ed that forma- 
tion of ascospores in Schizo' 


(psrthenogenesis). 8. 5. lAldu.v^^ (wrthenog. .s„ci^aTOmVCeS OCtOSVOTUS WaS 
anty between tDora) “ " , . . 

preceded by fusion of two 
cells. Two cells called gametes close together copulate by put- 
ting out little protuberances which unite to form a copulation 
canal, The contents of the cells then mix, including the nuc ei, 
forming a zygospore. Such a zygospore results from what is 
called tsogamic copulation, because the two gametes are a ou 
equal in size. Profound changes then occur in the zygospore. 
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It grows and finally its nucleus divides into four or eight indi- 
viduals each of which later is the nucleus of an ascospore. The 
zypospore is thus on ascus. 




Fra. 69. Conjugadon and Formafion of Ascus in Scfuroiaec/uiromveei 
odo^pania (Aftfr Guilliermond-Tanner) 

Modifications of the copulation just desenhed arc also known. 
In the species Schizosaccharomycc^t pombe uhnt has just been 
described for Schzosaccharomyces octosporus occurs but it 
remains incomplete in that the two gametes remain united. 



Fio 70. fliowing Conjugniwn of In Snrth^^rmyroUt /.v-itri/n 

(.Xprr GuttUrrmnmti 

ru'ion of content" of the camctc* occur* followril by divi«n)n of 
tlio rc»iiltinp niiclcii* into two, each of which migr.atr* to one <if 
the connected g-anKlf" where it, in turn, divide* into two, thu* 
Ri\inK four nurki in an n«cu* with a ()p:cnl rh-ipc. 
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A still more striking sexual phenomenon has been observed in 
a copulation between a mother cell and a daughter cell or bud 
which is still attached to the mother cell. This has been observed 
in the species Zygosaccharomyces priorianus and is known as 
heterogamic copulation because the two gametes are unequal in 
size. Owing to the small size of one of the gametes, the asco- 
spores appear in the larger one, in tliis case in the mother cell. 
The mother cell is the macrogamete and the bud the microgamete. 
Similar sexual phenomena have also been revealed in species of 
Nadsonia. 

Copulation of Ascospores. Just as copulations between 
adjacent yeast colls have been observed, they have also been 
demonstrated to occur between ascospores. A copulation canal 
forms between two ascospores in the same ascus through xvhich 
passes the contents of both cells to result in a thorough fusion. 
This is isogamic copulation of ascospores in an ascus formed 
without fusion. In the case of Saccharomyces Ludmgii, which 
forms asci with four ascospores, these copulate two by two 
through a fusion canal formed between them. This is a true 
copulation involving nuclear fusion. 

Parthenogenesis in Yeasts. Certain yeasts show no evidence 
whatever of sexual phenomena. It is believed that sexual proc- 
esses were once possessed but have been lost Whether this is 
permanent is not known. This means that what is called fer- 
tilization does not then exist. In this case new individuals 
develop from parent cells This is an interesting biological 
phenomenon exhibited also by higher forms of life. Among the 
yeasts it is recognized in species of Endomycopsis, Pichia, and 
Schwanmomyces. 


HYBRIDIZATION OF YEASTS 

A hybrid is a form of life resulting from interbreeding of 
two distinct species. Hybridization in yeasts could not be con- 
sidered until definite evidence of sexual phenomena was secured. 
Although such evidence was secured by early workers with yeasts, 
its significance was not appreciated largely because modern 
genetics had not been developed. In 1935 an investigator by t e 
name of Wingc, with the help of Laustsen, showed that sporu a- 
tion of a yeast is associated with a genetic segregation that raa es 
the spores in any ascus differ genetically. Since ascospores copu 
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late, as previously dc«cribed, and the process results in a fertilized 
cell, entirely new types of yeast may segregate at germination of 
the ascospores even though one starts vsith a culture prepared 
from a single yeast cell. 



Fio. 71. ShowlnR Clhnl Colonies Crown from Harh of the Four A«ro«porca 
in One Avua of a lUKmg YwL J03S) 

This fact has been e'taMi«hed for nil spcries of ^orc^nromj/cM 
by isolating carh of the four n?co'iH>res in an n'cu«. transferring 
them to tiie surface of culture meib.a. nnd allon-jng giant colonics 
to develop. Although fucli i«oIation« arc tedioui nnd require 
considerable skill, it is po««iblc to selert with a “Tnicromanipu- 
lator" each n«eo'pore and transfer it to another medium This 
made it po«sil>lo for Wingc to place two n«ropore^, each from the 
nscus of a difTercnt fpecu«. in the same cuUtire in a hanging drop 
nnd ob«er\’e what !iapj>eniil In one cxfieriiumt he u^cd baking 
yeast (a Saccliaroniycr^ speciesj nnd .'^rr/inromvcci tvifirfut. 
Two n«ro“pore«, one of each, wert* plartd togitlicr. TIic two 
spore* fused Into n xygou* on which « bud fiirineil, a hybrid 
lietwcin the twoyni't*. Tin* wa* cultiv.atcfl furlhrr, and finally 
a«eo«porcs in tuni were i»olatet| for stu‘ly (Fig*. 71 nml 72). 

Furh experiment* reve.al gnat possibilities in brrtiling r.cw 
K.TC throiic.'i hi bri'hz.itlon for sf** n.nj pur/v-f*. ;ti«t M 
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has been done with higher plant5 and animals. Cattle, for 
instance, are bred today for either milk or beef production. It 
may be possible now to breed yeasts ior bread making or for 
fermentation by attempts to combine the desirable characters 
of several yeast types into a single new species. 


Fio. 72. Showing Giant Colonics of A, A Baking Yeast; B, Saccharomyees 
validus; C and D, Two Giant Colonies of a Hybrid of A and B. {After 
Wtnge, 1939) 

Classification of Yeasts. Yeasts have been roughly classified 
into two great groups depending on their ability to form asco- 
spores. True yeasts form ascopores and reproduce by bud- 
ding or by partition. These “true yeasts” belong fo the class 
Ascomycetes and the family Endomycetaceae. Those yeast-like 
organisms incapable of ascospore formation, sometimes caiie^^ 
"false yeasts,” are grouped in the great class of “fungi impcrfecti, 
which includes all fungi unable to form ascospores. Both groups 
have been studied intensively by taxonomists. Many interesting 
observ'ations have been made by tliose who have attempte o 
unravel the phylogenetic relationships between the Ascomjectes 
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Through the years many classification systems have been sug- 
gested. The most recent and comprehensive has icen the result 
of a study of the famous yeast collection, a section of the Cen- 
traalbureau voor Schimmelculturcs, Baarn, maintained at the 
Technische Hoogeschool, Delft, Holland, under the direction of 
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Fio. 73. GfiipWe Presentation of Varioui DM«ion^ of A'eo^re-rofming 
YcmU (Prepared From ChitiftfoUm by 5’^r/flnJ^/)rUer, J93I, o» Slighlty 
Modijid by GutUtermonJ, iffST) 


A J. Kluyvcr. The first monograph. “Die Sporogenen Hcfcn," 
by N. M. Stcliing-Dckker, appeared in 1931. The second mono- 
graph, "Die Anasko'porogrnen Helen,” Part 1, by Jaromina 
lyoddcr, is m two section*, the first of which wn* puhlnhrd in 
1931. The second. Part 2, wjth the same title apj)carcd in 1942 

Phylum, TiuLU)riiTT4 
Sul'phylum, Fiin>n 

CIw, Affomyrfti’t 

Family, Kndnmvfrlnrfar 

Fubfamily A, FrrmitJicoidfae 
Of nil* 1. FrrnatcuM I xtam. 

BuUamily IJ, Fndfnyettoidme 
Crmi* I, Ff'd^myert 
Oman 2. IJndner 

Subfamily C.S^reha'oriytotlfaf 
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TRIBE A. EXDOMVCOPSEAE 
Genus ItEadomycopxis Dekkcr. 

TRIBE B, SACCIlAROMrCETACEAE 
Genus £, Eygosaccharomyccs Barker. 

Geaua 2, Torulaspora Lindner. 

Genus 3, Saecharomj/cci Meyon. 

Genus 4, Piekin Hansen. 

Sub^ous £, Pichia Hansen. 

Subgenus 2, Zygopichia Klockcr. 

Genus 5, Itanacimla (Willja Klockcr) Sydoiv. 
Genua 6, Dcbaromyeca Klockcr. 

Genua 7, Sehtcanniomycci Kl6cl.cr. 

TRIBE C. NADSOSIEAE 

Gentis I, SaechuTornycodca Hansen. 

Genua 2, ftanacmaspora 2ikcs. 

Genua 3, A'crfjowin Sydow. 

Subfamily D, Nematoaporoidcoc 

Genua 1, Monorporclh Kcilin. 

Genus 2, A'cmalosporo Peglion. 

Genus 3, Coccidtascus Chatton. 

STELLING-DEKKER'S (J931) CLASSIFICATION OP 
ASCOSPORE-FORMING YEASTS 
Slightly Modified by Guilliermnsd, 1937 
Family Endomycclaccae 
I. Subfamily Eremaseofdcac. 

Genus Eremaseta Eidam. 

Thallus consists of a mycelium without any evidence of asexual 
multiplicatiozf Asci formed by isogamic copulation; 8 round asco- 
spores. 

II. Subfamily Endomyccioidca, 

Thallus consists of a typical mycelium; multiplication by means of 
oidia or thallus consisting of oidia. 

Genus I. Endomycca Recss 

Typical mycelium multiplying by oidia. Asci formed by heterogaimc 
conjugation or by parthenogenesis; 4 round aseospores in the 6 ap® 
of a hat 

Genus 2. Schizosaccfiaromyees Lindner. 

Thallus reduced to the oidial state. Asci formed by isogaimc copu 
lation; i to 8 round aseospores 
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in. Subfamily Sacekaromyccndeac. 

Thallus formed by a typical mjTelium, reproduction by means of 
yeast conidia and sometimes by oidta, or thallus of yeasWile celU. 

A. Tnbc Endomi/eopirae 

Thallus formed bj’ a tjpical mjcelium multiplying bj* comdia 
and sometimes by oidia Asei formed by hcterogamic conjugation 
or by parthcnDgcnc-sks sometimes after a tentative union {traces of 
sexuality). Ascosporca in shape of a hat or sickle, or girded about 
the middle with a smooth and eomctuncs verrucosc band 

Genus 1. Endomyeopna Oekker. 

B. Tribe 5acc)iaromycctaccac 

Thallus consisting of yeast forma sometimes showing rudimentary 
mycelium. 

Genus 1. Zyaosaeckaromyect Barker. 

Round, oval or elongated cdU /\ici resulting from isogamjc or 
hctcrogamic copulation. 1 to 4 round or kidney^haped veosporcs 
Fungi developing on liquid media at fust a* a sediment, not as a 
film but forming a ring slowly Producers of alcoholic fermentation. 

Genus 2 Torulaapora Lindner 

Round cell* A«ei re«ulting from parthenogenesu'i of cells which 
hav'c attempted to conjugate: t to 2 round and smooth a.<co.>pem 
Cfoaing a.s a sediment without a film or nng or producing them 
only slowly 

Genus 3 Saccharomycra Me>cn. 

Round, oval, or cIongatM cells, sometimes rudimrnlar>’ m> eelium 
A.«ci formed without conjugition, I to 4 round smooth asco.«porr« 
Conjugation occur* between a«cosporfs* or more commonly between 
the fir*t celU formed by budding; *>ga«pore« are starting point of 
diploidvl cells winch, after several irneration*. develop with a«ei; 
vegetating at fir't m liquid mr<ha a» a sediment; film or ring 
formation slow or fading entirely Producers of fermentation. 

Genus 4 Ptchui Ilanscn. 

Oval or elongated eelU ,\sei formei! bv i»ogamie or heteronmie 
conjugation or bv partlieqogenesu; I to 4 hrmi.«j'herieal. knlney- 
shapetl, or Inanrjlvr, smooth, in liquid culture mnlia • fikm soon 
forms on the lurfaee; oaiJitinr sometimes fermentative 

(a) puhgenui Zj'jop'VAw Kloeker. 

A“M res’ilt from i^gatnie os lirterogainu* ronjiigition. 

(b) Fubgenm /VAio nan*en 

Aki formed by pMUienogencsji 
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Genus S. Hansenula (ITtl/ta Klocker) Sydow. 

Cells usually oval or elongated, rarely round with occasional 
rudiments of mycelium. Asci formed without conjugation; 1 to 4 
ascospores having appearance of a derby hat or with a projecting 
ring around them (something like the planet Saturn). In certain 
species as (Hansenula saturmts) conjugation occurs between asco- 
sporcs, or more commonly between the £rst cells formed by huddhg 
resulting in zygospores, the starting point of numerous generations 
of diploid cells which eventually develop into asci. A liquid-media 
vegetation is as a him on the surface. Oxidative and sometimes 
fermentative 

Genus 6 Debaromyces Klocker. 

Round or oval cells with occasional rudiments of mycelium. Asci 
formed by isogamic or hetcrogamic conjugation; 1 or 2, sometimes 
4, round globular ascospores. A sediment is hrst formed m liquid- 
culture media, later a film and ring. Sometimes fermenters. 

Genus 7. Schwanniomyces Klocker. 

Round or oval cells with occasional rudiments of mycelium. Asci 
formed by parthenogenesis after a tentative union (remnants of 
sexuality) ; 1 or 2 ascospores having a girdle around the middle, and 
often verrucose or warty. 

C. Tribe Nadsonicac 

Elongated cells, ordinarily apiculate and budding at the ends by 
a process intermediate between budding and partition. 

Genus 1 Nadsonia Sydow (GinUiermondta Nadson and Konoko- 

tine). 

Asci formed in a bud derived from a zygote resulting from hetero- 
gamic conjugation, I or 2, sometimes up to 4, round verrucose 
ascospores. Growth on liquid media as a sediment; alcohol pro- 
duction. 

Genus 2. Saccharomycodes. 

Asci with 4 round smooth ascosporra; conjugation occurs regu 
larly between ascospores Growth first appears as a sedimen m 
liquid media Fermentative. 

Genus 3. Hanseniaspora (Hansenia Lindner). 

Cells very clearly apiculate; asci formed without conjugation, 
to 4 hemispherical or round ascospores. 

IV. Subfamily Nematosporoidcae. 

Cells yeast-like with variable shapes, and frequently a mycehum 

Asci with from 1 to 8 ascospores shaped like long needles. 

Genus 1. Monosporella Kcilm (Monospora Metchnikoff). 

Cells yeast-like; asci in the shape of long needles 
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Genus 2. Ntmatospora Peghon 

Cells yeost-hke ; variable in shape and myceljuin ; 1 to 8 asco'porrs in 
shape of needles provided at one end with a sort of long flagellum. 
Genus 3. Coccidioscua Chattem 

Oval yeast-likc cells; asci apparcntlj' result from an MOgamie conju- 
gation ; 8 ascospores in the shape of long spiodles 


tODDER'S (1931) CLASSIFICATION OP THE 
NON-ASCOFORC-FORMING YEASTS 

Family i. Ncefaromycctaecae, 

Producing conidia 
Family 2. Torulapfidaecac. 

Cells free of caroimoid pigments. No eoniJia. 

A. Subfamily Torvlapioidioc. 

Ycast-likc organisms which rcpro<lucc only by budding The cells 
arc round, o\al, or clongateiL *cldom of other rhspes. A definite 
p«eiidomypclium with epeen) reproduction of Wa^tCRporta on the 
hjphae is not produced Neither a*co:‘pores nor b!a.*tcci>ore3 pro- 
duced. No production of earotinoid pigment 
Genus 1 . Totvlajt*is ncrle«e 

Cells round, oval, and infrequently elongated Heproduetioa by 
pcnlrichous budding In wort, a fcdiment, often a ring and rome- 
timcs after a longi r time a pellicle Ability to ferment augara may 
or may not be pre«cnl Ftrains which do not ferment will always 
aivimilatc dcstrorc and unjally al«o other sugir? Feptone u u-mally 
avimilated, an<{ other nitrogen compound* arc aUo customarily used 
Fair to gooil growth in ethyl alcohol 
Genas 2 Filyrorponiin Ssbouraud. 

Cells flwk-jhspcd, oia! or rhort oral Vegetative reproduelioa by 
budding which predominvtcfy » on the broad bve. Poor growth; 
slow growth in wort and on wort agar. No fermentation. 

Genus 3 ^fycodfrmfI Fcnoon-Iyberle 

Cells oval or eylindncal, oflm in cell colonies Tendency to pro- 
duce a poorly developed p«fodora>Tf!iuja, selJon the formation of 
very pnmilive hlvto*por« apparatus. Vegetative trpTtyfuction 
by pentrichou* budding The celts rapidly pro'fu'e a pcnt''!c on 
sunr-eoDlsining me«lnim a* well a* on ethal alrohol midium Th.e 
pclhclc ecnlairw gas liuhVfw and it thick, dry. and matted No 
fermentation In si nthciir medium g-wwth only with dratrwe Of 
ilic in'r»tica*.e.l nitrogen compounds anmoiuum iulfatc, aepararn. 
urea, and peptone were wvtmiUUd 
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Genus 4. Kloeckera Janke. 

Cells apiculatc, short-oval, oval, long oval or sausage-shaped. 
Vegetative reproduction by bipolar budding. Strong fermentation 
only of dextrose or de.xtrose and sucrose. Of the nitrogen com- 
pounds tested, only peptone is assimilated. Practically no growth 
in ethyl alcohol medium. 

Genus 5. Asporomyccs CbaborskL 

Cells show traces of a rudimentary copulation; yet they produce 
neither zygospores nor partbenospores. The ability to produce spores 
IS completely lost. 

Genus 6 Trigonopsis Schachner. 

Cells three-cornered or ellipsoidal, in young cultures the length of 
one side of the three-cornered cells is 4-5 microns: ellipsoidal cells 
2 5-^5 X 35-5 microns. In older cultures the majority of the cells 
become three cornered. In wort, a sediment, ring, and a few islands 
of pellicle No fermentation In lynthetic medium growth only 
with dextrose and galaclcee. Of the nitrogen compounds tested, 
ammonium sulfate, asparagin, urea, and peptone were asrimilated 
Poor growth in ethyl alcohol. Streak culture on wort agar yellow- 
brown in middle edge lighter, soft, smooth, and glistening. 

Genus 7 Schtzohlaslosponon Ciferri. 

Cells polymorphic. Usually two t)T5cs, oval cells and elongate 
cylindrical cells Reproduction by budding; the bud i? frequently 
separated from the mother cell by fission. In wort rapid pellicle 
formation, ring, and sediment. No fermentation. In sjmthetic 
medium growth only with dextrose. Of the investigated nitrogen 
compounds ammonium sulfate, asparagin, urea, and peptone were 
assimilated. Streak on wort agar gray-white, glistening, and eomc- 
what wrinkled Border somewhat transparent and irregular. 

B Subfamily Mycoloruloideae. Ciferri and Redaelli. 

Yeasts which produce a pseudoroycelium and have ability to pro- 
duce special types of spores. 

Subgroup I. Creamy cultures. 

Genus 1. Mycotorula Will — Ciferri and Redaelli. 

Budding cellules irregularly placed along the mycelial bjTh»®* 
Blastospores m simple and regular verticilles and in ternuna 
bouquets. 

Genus 2. MycotOTuloides — Langeron and Talice 

Blastospores in regular verticilles, composite, and spread out an 
in terminal bouquets. 

Genus 3. Candida Berkhout. 

Budding tcllulcs, with septate mycelial h>Thae, blastospores 
terminal chamets and in more or less regular verticilles 
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Genus 4. Mycocandida Langoron and Talice 
Rudimentary ^erticilles reduced to two plastosporcs, ramified 
pseudomycc/ium, bfastospores mostly elongate 
Genus 5. Ulatlodendnon OU 

Verticillcs simple or composite, more or less regular, no terminal 
bouquets. Statagmoid blastosporcs 

Subgroup 11. Membraneous cultures 
Intermediary between the so-calleil bIa.s(a'pores and arthrospores. 
Some spores occur m aerticilles and some ns bla*to«porc-arthro- 
spores. 

Genus I. Geotnchoidcs Langeron and Taiicc 
Fragile p.«eudomycelium Some bla.<tO'*porc rertieilles, some blas- 
ta'pore-arthra^porcfl, and some eonidia No pelhelc on potato 
water. 

Genus 2 GeoIncAium Luilc 

True mycelium, not fragile before disarticulation, somo arthro* 
spores, no blaato^pores, pellicle on all liquid medium 

Family 3. RhodotoruUecac 

Yeasts without conidia; the cells contain a carotinoid pigment 
Genus 1 tihodolOTula Ilammn 
Cells round, cllip*oidil, elongate, stniigmoid, legetitive repro* 
diiction only by pentriehoui* InuMmg Form.* a jellow or red 
r-irotiDoid pigment No fermentation Always ncMinihtes <lri« 
tra«e, and u<ually aI«o some other sugm Ammonium sulfate, 
a^parngin, urci, and ppjitone arc always a.vimilated With ethyl 
alcohol medium, poor lo goo<l growth was oblaiord 
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Tlie yofist plant i« n uonderlully netne nnd ii«cful organism 
Eacli cell of cerfmn s [K’ ck'^ t< n tuanufncUtnnp pl.anl of m.anTloti< 
efficiency nnd proiluctjvjly By menn* of fcnnenlatinns brought 
aliout by yc.a«l ecll«, in.an, for orcs, ha* broiiplil nlmut (!c«irc(l 
changes, in foods and beverapes. In mo«t of these ca«cs he 
has not known until rrcently ju«t nlial wa* re«pon«ible for the 
ehanRcs, for knowlcilge wub regarti to yr.a«t« uns not forth- 
cominp until the researches of Pnstrur, iinn'cn. and others 
Industrial Classification of Yeasts. In ibe fennent.ation indu*- 
trics yfa*t'« are ch««ifietl into lop, liottom. nnd diMillcr^' ye.n*t« 
Tlic RToups are n»t sliaridy separated nor defined. 
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Top Yeasts. Top yensts are those which ferment in the upper 
layers of the medium. They ferment with a vigorous foam 
or froth, spoken of as "head” in fermentation industries, which 
carries many of the cells to the top. Such a fermentation is 
termed a top fermentation. Most of the yeasts in pressed yeast 
are top yeasts. Top yeasts, in general, remain attached, giving 
masses of cells; but bottom yeasts separate. Top yeasts produce 
more alcohol than bottom yeasts. After active fermentation has 
stopped, these species may settle to the bottom. IMany top- 
fermentation yeasts are unable to ferment melibiose. Top fer- 
mentations induced by top yeasts are accompanied by large 
quantities of foam (head). 

Bottom yeasts. Bottom yeasts grow and ferment down in the 
liquid or even at the veiy bottom of the substrate. They produce 


lower amounts of alcohol. Bottom yeasts contain an enzyme, 
melibiase, which allows this species to ferment melibiose. 

Distillery Yeasts. These are yeasts which ore used for 
making industrial alcohol and distilled beverages. They are 
distinguished from other yeasts by marked fermentation ability 
and alcohol tolerance. 

Pressed Yeast Scarcely a hamlet exists today which does 
not have its supply of fresh pressed yeast. In former tiroes^ 
homemakers had to prepare their leavening agent for making 
bread and maintain it. They did this by allowing a mashed 


potato and cornmeal mash to ferment. This was used as leaven. 
Today cakes of pressed yeast arc available. These are made 
from yeast cells which are propagated on a wort medium, a clear 
straw-colored fluid containing extractives from blended gram 
flours. Flours secured from grinding grains are blended and 
soaked in clean water. This softens the starch particles and 
extracts various food materials which are necessarj' for the yeast 
plant. Malt is also added to change starch to sugar. A swe^ 
mash, rich in food materials desired by yeasts, results. The mas 
is next soured by adding pure cultures of lactic acid bacteria 
which change sugars to organic acids. This acid counterac s 
putrefaction and makes the mash keep. ^Vhen the mash as 
soured sufficiently it is filtered, a clear straw-colored liquor known 
as "wort” being secured. It is then heated to a high tempera 
for sterilization. This dear wort is the medium on whic ® 
yeast is propagated. It is carried in pipes to fermenters w ere 
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after inoculation it is kept at the proper temperature for the 
growth of the yeast. While fermentation is going on air may be 
blown through the wort, nhich removes the carbon dioxide and 
causes a greater crop of yeast cells. At the end of fermentation, 
the wort is filtered or centrifuged to remove j'cast cells They 
are collected as a thick cream and finally carefully dried further 
in filter presses. The cells from the presses arc mixed with about 
5 per cent of starch, pressed into cakes, and shipped to centers 
where they are cut for sale. 

Instead of the laborious preparation of wort outlined here some 
yeast manufacturers have introduced a synthetic wort made from 
sugar or molasses and ammonium sulfate This is aerated 
while the yeast is growing in it Aeration removes the gascou« 
products of yeast metabolism os well os stimulates cell division 
mechanically. 


THERAPEUTIC USE OF YEAST 
Since very early times yeasts of different types have been used 
in the treatment of di«casc and infections It has been stated 
that monks used yc.ast for treatment of several diseases. Hippo- 
crates advised yeast for the treatment of leucorrhea. Since these 
times there seem'* to have been a continuous interest in yeast as 
a therapeutic agent The present-day interest began, porhap«, 
with a paper by Hawk and liis colleagues in which tlicy reported 
beneficial results in infections of the .'km anil con’-lipation follow- 
ing ingestion of yen't. This stimulated manufacturers of prc'sed 
yeast to advertise widely the therapeutic properties of tbcir 
product It *ecms well established that the inge'tion of baker’s 
yca't will alleviate con'tipalion Whether a cure result' ha< not 
been sati'factorily c'tabli'hcd. Modern medical science <li«- 
liko' the continued ii'o of n drug or other agent to relieve con- 
stipation. It 'trive', on the other hand, to correct tlie cau«e. 
One may rca*onnbly question the advisability of prolonged u«c 
of yea*t for this purpo-c Vcr>’ little, if any, s.ali»faetor)' evi- 
dence exi'l' to indicate the nb'olulc harmlr—ne-s of cun^t.antly 
overloading tlie intestinal tract with living yca*t cell* 

PATHOGENIC YEASTS 

Although some yea*l« pl.ay an important n’le in rrrt.ain indu*- 
tne«, specie* nl‘o rxi‘t which rau«e vrr>* striou* infictinn* in 
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animals. Far less is known about these forms than about the 
bacteria which cause disease. It would be out of place to 
enumerate at great length species which cause these infections 
in man and animals. The literature of bacteriology contains 
hundreds of references to such infections. They are probably 
more important than ordinarily believed. Some severe infec- 
tions of the lungs closely resembling tuberculosis have been 
found to be duo to yeasts. Skin infections have, at times, been 
quite common In fact, there is scarcely an organ in the body 
which has not been reported to have been infected with yeasts. 

Thrush. This is an infection of the mouth and throat espe- 
cially common in babies. Identification of the ctiologic agent 
is confused. It was first described under the name of Oidium 
albicans by Robin. Later Recss called it Saccharomyces albicans, 
which was probably wrong. Now it is known under the names 
Endomyces albicans and Monilia albicans. This same fungus 
is apparently capable of causing other infections, also, in the 
animal body. Formerly the disease was thought to be mainly 
a tropical infection, but more and more reports are appearing 
in our literature indicating its prevalence in the temperate zones. 
Some yeast infections of the throat arc much like those of diph- 
theria Careful laboratory examinations arc necessary before 
the exact nature of the infection may be determined. 
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Protozoa also divide by iission in about the saine maDner as 
yeasts. A small bud appears on the side of a larger cell; it grows 
in size until it finally breaks away from the parent cell to exist 
as a separate unit. This is generally an asexual method of 
reproduction. 

Sporulation. Among many forms of life resistant stages are 
found in a life cycle. These are spoken of as spores, conidia, 
ascosporcs, and the like. Similar stages called cysts are also 
found in the protozoa. Certain cells seem to be able to become 
encysted by forming a resistant wall about themselves. This 
process is not unlike the formation of the so-called “arthrospores” 
among bacteria. While the cell is in the encysted stage it is 
resistant to unfavorable conditions and may be disseminated by 
wind and water. When favorable conditions occur again it 
germinates into an actively growing cell. 

Classification of Protozoa. As with bacteria, morphological 
and physiological characteristics are used for classification. With 
protozoa, however, most satisfactory classifications hove been 
constructed with the use of morphological characteristics. The 
following classification is adapted from one by Calkins. 

PROTOZOA 

Unicellular organisms which reproduce by division or epore fonnation, 
solitary or united in colonies; free Jinng or parasitic. 

Sarcodina Protozoa with changeable protoplasmic processes or pseuoo- 
podia; naked or shell-beanng; reproduce by fission and spore formation. 
Genus parasitic for man Endamoeba 

Mastigopkora' Protozoa with flagella, many of them posess mou , 
nucleus, and contractile ^acuoIe. Genus parasitic for man: Prypartor/ns. 

Infusoria: Protozoa with cilia by which locomotion is accompli e , 
reproduction both by budding and by fusion; possess macronucleus an 
micronucleus. Genus parasitic for man: Rafantidium. » t «• 

Sporozoa' Protozoa without motile organs; reproduction by sporu a lo , 
always parasitic. Genera parasitic for man: Cocetdium, Piroplai^<^> 
Plasmodium. 


PATHOGENIC PROTOZOA 

Among protozoa arc species which cause serious infections in 
man and animals. A few of the more common ones are iscuss 

Sleeping Sickness. This is a tropical 
Trypanosoma gambiense. This parasite is transmitte y ro 
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of the bite of the tsetse fly It hfls been shon'n that bJood of 
infected animals contains this tiypanosome The parasite 
remains in the fly for a long time, 12 to 15 necks or longer. The 
fly Glossina palpalis seems to be the one which is most liable to 
disseminate the disease, because in localities uhere the fly is not 
found there arc no eases. Typical symptoms arc caused by the 
trj’panosomc entering the cerebrospinal fluid. The parasite may 
be present in tlic blood for some time before it enters the nen'ous 
system. TJic symptoms, in genera), are fever and pronounced 
Somnolence usually followed by death The characteristics of 
the parasite may be secured from various reference tc.vts on 
protozoology and parasitology. 

Amoebic Dysentery (Amoeblasis). This disease has been 
restricted more to tropical than temperate climates, but it should 
not be considered strictly a tropical disease because many cases 
have been observed in northern climates. Tlic disease is caused 
by Fndamoeba histoli/ttca which occurs m tlie bowel discharges 
of infected individuals anti earners. It is acnuircd by the patient 
from contaminated water, infcctcil foo«l?. and other agents which 
have been contaminated with infcctcil material Flics also spread 
tlie organism. The incubation period varies with tlie size of the 
dose of organisms It is unmlly 3 to 4 weeks Strict sanitation 
seems to be tlic only mctluMl of controlling the infection. This 
includes careful di-po-al of human excreta, protection of water 
supplies from contamination with sewnge. and protection of foods 
eaten raw from sewage. Tlie parn«itc causes large abscesses or 
ulcers by penetrating the intestinal walls It may also penetrate 
the body t»«'ues. Those who pnparc foo<l should be careful to 
keep the bands clean During the summer of 1933 a striking out- 
break oeeurrci] m Chicago This outbreak prompte<l many in\e«- 
tig.itions m the I'niled States to determine bow widely di«tnl)uted 
ffn/farrioclio /jistnij/tiro might l>e One such invc»tig:ition of lOCO 
freslimen at a barge unner-ity naealed that 4 1 |H-r rent luarbored 
the parasite in their mtc-tinal tract* Tlie inve-tigators who did 
this work lKlie\(d il to 1"' desirable to rcfognize “c.arnfr*" in 
student groiiiw and ffvxl handler* 

One in\estigator of the di*ca*e reportetl that from 5 to 10 p<'r 
cent of thf iHi|ni!ati"n <if thi« country j* infecUtl with 
fiistcfutica TJie *yniptoms may Ik* quite a.inixi Apjw ndiriti*, 
mas«i\r hcinnrrhace, j»erfnrnln»n of Ibr mti-tin'» with resulting 
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surrender of Bataan was necessitated by infection of thousands of 
our troops with malaria. The French had to abandon construc- 
tion of the Panama Canal because of yellow fever and malaria. 
Construction of the China-Burma highway was delayed by 
malaria and not accomplished until some anopheJine control had 
been established. Quinine is the ancient nntimalarial remedy. 
In view of capture of the great quinine-producing areas by the 
Japanese, other nations had to resort to synthetic antimalaria! 
drugs among which atabrine and plasmochin arc best known. The 
former is more important because the action of the latter com- 
pound is mainly against the gamete or sexual form of the parasite. 
The advantages of a synthetic antimalarial remedy which may be 
made almost anywhere over a natural drug from plants grown 
only in a restricted area of the world arc obvious. 

Control of malaria and a few other diseases depends on eradica- 
tion of mosquitoes. 

Texas Fever. This is a disease of cattle. It is spread by the 
bite of a certain tick which, in turn, has fed on the blood of an 
infected animal. The parasite belongs to the genus Piroplasma. 
The disease is fought by dipping the cattle in arsenic washes and 
by grazing them m pastures not harboring ticks. 
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CHAPTER II 

ACTION OF PHYSICAL AGENTS ON BACTERIA 


The fact that bacteria are susceptible to injurj' by many 
physical agents gives us methods for coping witli the undesirable 
and controlling the desirable species Since the bodies of bacteria 
arc protoplasm, and since protoplasm is a delicately equilibrated 
substance, their life processes may be easily upset. Such agents 
ns heat and light c.xcrt a detrimental effect on bacteria. Some 
physical agents, such as temperature and moisture, arc also 
important in the propagation of bacteria It is necessary to 
maintain proper temperature, for iostance, to secure good groivth 
of microorganisms. 


tICHT 

Many experiments in the laboratory* have shown that light is 
detrimental to bacteria Considerable work has been carried out 
to determine how light exert.s its harmful cficct One of the 
earliest explanations suggested that Imrmful chemical 6ub<tances 
«crc formed in the medium by light. These were suggested to 
be orono, hydrogen i>croxitfc, and the like. These agents arc 
pni«onou8 to Iwclcria, whatever their origin. Later, data were 
collectca which seemed to refute this explanation of the toxic 
action of liglit. Another explanation suggested that light acted 
directly on protoplasm of cells, causing coagulation of protein 
incompatible nitli the life of the cell. Anotiier fact intcrc'sting 
to contemplate in tlii.s connection is ab'ence of chlon>phyIl in 
bacterial cells This material gues the cells which contain it the 
ability to conxcrl emrgy into light for the con*tniction of largo 
molecules from simpler emc-* Clil<»rophyll-contaming org.ani»ms 
arc thus able to prevent ncruniuiation of i}ii« energy. Non* 
cblorojibyll inirrotirgnni*m«, being devoid of tins pub*tnnce, may 
Ik* unable to [irevtiit ihu and consequently are hannwl by 
continued txjxi-urc to Iiglit, 

Certain chemical coinj'ounds r««ential for life of micnxirran- 
wills arc known to l>e dcilroytd by light. Tin* may explain 
SOI 
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wljy ccrtnin micronrgnni«m«i fail to prow in media exposed to 
strong light. Rjboflavm is rai)idly destroyed by light, pyridoxin 
more slowly. 

Sunlight Strong sunlight is quite destructive to bacteria when 
it is nllowcd to reach them directly. It shows similar destructive 
action on cells of the human bodj' ns evidenced by sunburn and 
Inn. It has been advised as an hygienic agent of no mean ability 
for destruction of undoairahle bacteria. This ability has prob* 



I'lo 7^. Showing the Influence of Sunlight on B.«ictcria. M/lcr Buehnrr) 

ably been overestimated since bacteria may be protected from its 
action by bits of organic matter and the like. Morc rclia c 
agents arc available with which to destroy bacteria. Ear ) 
workers found that difTusc daylight inhibited growth of bacteria 
and direct sunlight killed them. Destructive action of sun ig 
has been offered as an c.xplonation for decrease of bacteria in 
natural bodies of water. Its activity in this case depen s on 
several factors, such as turbidity, reaction, and ^!i " 

Buchner in 1897 conducted an experiment with ^ 
typhosa which showed the destructive effect of light on ac eri 
He heavily seeded a dish containing culture medium. n 
bottom of the dish w'as pasted the word TYPHUS in large o 
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It was supRcstt’d for pasteurizing milk, but on account of the 
opacity of milk its use liad to bo abandoned. During World War 
I the ultraviolet ray was supgestwl for sterilizing hactcrins. One 
dilTicuIty in u«inR the ultraviolet ray is the fact tliat expensive 
quartz apparatus must be employed since the rays do not pass 
tlirough ordinary glass. 


Ultraviolet 

tepon 


Visible region 


Infrared regon 


Violet 
Ar- Indigo 

— Green 

Orange 
"V ^fted 

fundamental 
J Vibration 

^ region 

used for 
chemical 
analysis 


Fin. 75. Section of the Itadifttion SpiTlrum (Courfeey r>/ tJatwiJi 
OptmlCa,) 


X Rays. This form of energj* is vcr>’ toxic to living 
plasm. It is used for treating some of tlic diseases cause ) 
thread fungi sucli as ringu'orm and itch. These fungi, because 
of a rich fdamentous growth, penetrate into deeper layers o ic 
skin where they are reached with difficulty b}' 
disinfectants. In using the X ray it seems to be 
prevent injury of tissue. Some investigators hav’e stated a 
is possible to destroy tissue cells without destroying bac ena 
which the X rays were used. 
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TEMPERATURE 

This is indeed an important physical agent for all forms of life. 
Many organisms carr>’ on their life processes at a single tempera- 
ture. Higher animals arc separated into two groups on tliis basis, 
the cold'bloodcd and tlic warm-blooded animals. Microorgan- 
isms arc much more susceptible to high than to low tcmperaturc-j, 
although the latter arc probably more harmful than is ordinarily 
believed. Here again it is well to point out that our data result 
from experiments with a groat many ccHs and not from observa- 
tions on one cell. 

Classiheation of Bacteria according to Temperature Relations. 
Reaction of bacteria to temperature gucs a means of separating 
them into groups. Thc«c groups, of course, do not have well- 
defined limits and consequently graile into one another, but they 
are convenient for designating orgnni«ms having hkc temperature 
relations. 

Thermophilic Boetenn. These are bacteria with high-tcrnpor- 
oturc characteristics The optimum may be placed between 55 
and G0®C., the ma\imum at 70-75'’C , and the minimum at per- 
haps 45®C., although this is variable Some authors define 
obligate or strict thormophilcs as those which constantly require 
a higli temperature for growtli, and faciiltatnc thcrmophiIc« ns 
those able to grow at high tempt'raturoj* and nbo at temperatures 
approaching the optimum for moMiphihc bacteria Thermophilic 
bacteria arc intcrc-tmg since they cr«>w best at a Icmpcrnlure 
which is lethal for many other typc' of protnpla.‘'m ^^nny pro- 
teins arc Coagulated at S-V-GO'C 

Pxychrophihe Unrtrna A* the name indicntc«, thr«c arc enhj- 
loving baeferia They grow well nt low temperature* Tlicir 
optimum might be place<l around r»-10”C . with a minimum nt 
ju«t above 0®C , or ju«t where the iiuHlium m whieli they arc 
remain* liquid Tluso form* nre fignificant in the preservation 
of foml* by eold storngc 

.yfcsophilir liactrnn nelwren the thcmiophilir nml p«yrhro- 
philic group* fall a great many ‘p«Tie«. the tm-ophriic hactena. 
with an optimum al>out 30-37''C In tbi* group are pathogenic 
fonn*. those cnuMiig di‘ca*e in man and animal*, and the soil 
or water orgnm«m< 

Temperature limit* for the*c gnmps of bartena are ‘omfRliai 
variable (Tnldc 21 
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TABLE 2 



Minimum 

Optimum 

Maximum 

Types or Species 


Deg. C. 

Deg. C. 

I>eg, C. 


Psychrophihe 

0 

15-20 

30 

Many water bacteria 

Mesophilic 

15-25 

37 

43 

Pathogenic and other bacte- 
ria 

Thermophilic 

25-15 

50-55 

85 

Bporesforming bacteria from 
soil, water, thermal 
springs, etc. 


Temperature Characteristics of Individual Organisms. Like 
the other characteristics of pure cultures, temperature relations 
are equally important in describing an organism. The following 
three temperature characteristics arc determinable: 

Maximum Temperature. This is usually dc6ned as the highest 
temperature at which an organism may live and carry on any of 
its life processes. There may be a different maximum tempera- 



Fio. 7G. Showing the Results of Different Temperatures of Incubation on 
Broth Cultures of Staphylococcus aureus. {After Graham-SmitK) 


ture for every function. Thus, the maximum temperature for 
growth may be quite different from that for fermentation. AVhen 
maximum temperatures are given for an organism they usually 
refer to growth. At maximum temperatures the cell is being 
driven at a rate which causes great wear. There is probably htt e 
opportunity for cell repair, at least for the repair which is neces- 
sary to keep the cell in good condition. At maximum tempera- 
ture, catabolism exceeds anabolism. This is also demonstra e 
in higher animals. High temperatures in the summer lea o 
general malaise. 
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Minimum Temperature. This is the lowest temperature at 
which functions are earned on The minimum temperature, of 
Course, would have to be above the freezing point. At its mini- 
mum temperature a coll is running very slowly in about the same 
manner that on automobile engine “idles" when the supply of fuel 
is reduced At lower temperatures there is less wear on a cell, 
and it will live much longer. This is ucll illustrated in Fig. 7G. 
Curves show the histories of cultures of tJie same organism grown 
at 37®, 27°, and 17°C. The organism was Staphylococcus aureus. 
The culture propagated at 17®C , gave higher numbers of bacteria 
and maintained them for a longer period. At 37°C. the culture 
gave its maximum grouth in a shorter time, but the cells wore 
themselves out more quickly 

Effect of FnnEzixo o.v B\cteriv Bacteria differ in some 
respects from plants and higher animals in relation to freezing 
Bacterial cells may be more resistant to freezing than cells of 
higher plants. Under tlie subject of thermal death time, it is 
pointed out tliat in connection with heat tlic time factor is 
important; it is just as important m relation to extreme cold or 
any other harmful agent. Cultures of bacteria have been exposed 
to the temperature of hquul air (~200°C) and have slumn 
growth in subcultures Tins does not mean that there is no loss 
in numbers. Tlic number of cells decreases very rapidly, and 
complotc sterilization depends on the number of cells vith which 
tlie experiment was started and other factors Thomax found 
that the major portion of cclU of libcrthcVa typhosa wo'^ 
destroyed iiy freezing m about a week. Bactiria in icc cream at 
first decrease rapully in number, after which there is a slower 
doatli rate. Tlie statunents which appear in many texts that 
bacteria arc not killed liy freezing rc«t, perhaps, on faulty technic 
or false logic The fact that living cells may K* fliown to be 
present in su«pen-iims which liavc bex-n frozen m no imlirntton 
whatever tliat freezing is without effect. Some few cells may Im* 
more rcsist.ntit Uian others and rtxiuirc longer freezing for 
ilestniction. 

Tlie tnc<lium in which the org.in»*nn arc frozen •erm* to infiii- 
ence the n-ult.s A« might W <xj»ccttd, hncteria are more ea»ily 
destroyed by frt'czing in waltr than m milk FilrrlKdln typhosa 
wa« nportcii to hav» Ik-oh de«trwyi-tl in rlirrr>' juire much more 
quickly th.iri wJien cjirrriis weir prrrnt in llte juice. Ife.it i« 
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probably removed more quickly from clear liquids than from 
liquids in which there are large amounts of solid material. Per- 
haps hydrogen-ion concentration is just as important in this 
connection ns it is in destruction of bacteria by heat. The 
physical condition of tlic organism would also influence its 
reaction to cold. 

When bacteria arc frozen in some menstruum it has generally 
been believed that water necessarj' for their life processes was 
crystallized and, therefore, not available for their life processes. 
Preservation of foods by freezing has focused attention of micro- 
biologists on tlic behavior of bacteria at temperatures below zero. 
Evidence has been published from at least two dilTcrcnt labora- 
tories to the effect that certain bacteria arc able to grow as far 
below zero os — 8.89°C. (1C*F.). The amount of growth even 
at the end of a year was slight and about equal to the amount 
formed in 18 hours at room temperature. TJicre was gror\-th, 
however, wliich presents some Interesting problems for thought. 
Even if growtli docs not take place, many microorganisms remain 
viable, a fact used in prcscr\'ation of microorganisms by the 
lyophile motliod. 

Optimum Tcmpcrnturc. The optimum temperature for growth 
may be quite difTorent from that for spore formation, fermenta- 
tion, dcatli, and so on. Statements about optimum temperatures 
usuallj’ apply to growth or multiplication, although the function 
of the organism should be mentioned. At the optimum tempera- 
ture the cell is probably working to best advantage, and its 
machinery is working at such a rate that there is equilibrium 
between anabolism and catabolism. 

Thermal Death Times of Bacteria. The time required to kill 
an organism at a given temperature is called the “thermal deat 
time.” The expression “thermal death point” was^ used y 
former bacteriologists because they thought timt a point on e 
temperature scale existed where bacteria were killed. is 
probably better to determine how long an organism can 
at a given temperature. Suspensions of cells may then e 
for varj’ing lengths of times. No one temperature exists a ic 
all of the cells in a suspension are killed j 

The time factor must be considered. When studying ^ e 
action of heat on bacterial suspensions, the following ac ors 
involved. 
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proteins, and destruction of bacteria by heat is probably due to this change. 
We have learned before that materials which go to make up protoplasm are 
colloidal m nature. When such materials are heated a gel is formed. This 
may be incompatible with continued normal activities of the cell. Frost 
and McCampbell m their textbook on bacteriology present the following 
table, which is interesting not only in this connection but also is etpiaining 
why such widely different temperatures are used in dry- and moist-heat 
sterilization. 

Egg albumen 50 per cent of water coagulates at S6*C. 

Egg albumen 25 per cent of water coagulates at 74-S0®C. 

Egg albumen 18 per cent of water coagulates at .80-90*0. 

Egg albumen 0 per cent of water coagulates at 145*C. 

Egg albumen 0 per cent of water coagulates at 160-170*C. 

4 The Age of the Cells. Old cells are said to be more easily killed 
Bacteriologists appreciate the necessity of using comparatively joung cells; 
hence 24- and 48-hour-old cultures are used in experimental investigations 
unless older cultures are desired because of some special property. It should 
be remembered that old cultures may coataln cells which are worn out 
and devitalized. On the other hand, cells which are very young might be 
more susceptible to heat since they might have to mature somewhat before 
showing a marked resistance to heat. 

5 Reaction of the Medium For a long time it has been known that 
reaction, or hydrogen-ion concentration of the medium, greatly influences 
the rate of death Tiioso who preserve foods by canning know that acid 
foods, such as strawberries, cherries, and rhubarb, ore preserved with rela- 
tively greater ease than peas and com. The latter are nearly neutral in 
reaction. Since hydrogen-ion concentration is so important, it is necessary 
to control it in thermal death-time studies. 

6. The Type of Organism Bacteria differ greatly in their teroperatuie 
relation, os do other bving beings Animals may differ in their resis • 
ance to and tolerance of heat. It has been stated before, for instance, 
that thermophilic bacteria have their optimum at a temperature w c 
approaches the maximum for other forms. Some human beings are a e 
to tolerate hotter climates than others. 

7. The Presence of Spores Presence of spores makes an organism mor 
resistant to heat Theoretically, then, there may be a thermal deal - ime 
for vegetatne protoplasm and one for sporoplasm. Practically, howev 
the distinction, although made by some bacteriologists, is of litt e impo 
tance. Most spores are far more resistant to heat than are vegeta i\e ce 

Thermal death-time studies are important in applied bacteno . 
the canning industrj', information is required about the tempera 
tions of bacteria which spoil food packed in cans. Such bacteria are 
isolated in pure culture, suspended in the liquor of the food from w i 
were isolated, and subjected to tests to determine their heat rcsis an 
this way processes or cooks may be secured which will be adequa e. 

Relation of Temperature to Chemical Changes. What effect 
does temperature have on chemical changes brought a ou 
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bacteria? It is kno'n'n that as temperature is raised the speed 
of chemical reactions is increased. There is a limit, of course, 
to the general application of this statement, for other factors 
have to be considered. For instance, if tiie temperature reaches 
a certain point the reacting substances may be changed So 
with chemical reactions brought about by bacteria, temperature 
may speed up their reactions only below their ma'unium tempera- 
ture above which tlicy arc killc<l Investigators have sliown 
that yield of certain products of bacterial action incrca«cs as 
temperature is lowered. Tliis was explained by stating tliat at 
the higher temperatures the products might have a greater action 
on the bacterial cells. We may also assume that above the 
optimum temperature, at lca«l, the cell is being driven too fast 
by the higher temperature, it nears itself out more quickly 
because there is no opportunity for repair. At the lower tem- 
perature, however, it works more economically because there is 
opportunity for repair and a belter equilibration of cell mecha- 
nisms. Thermophilic bacteria are especially suited to studies 
of this nature. Their optimum temperature is near Some 

of them will grow as Ion as 37*C One species, which decomposes 
cellulose, is found to dccoinpo«c 40 times ns much at 55*C. ns at 
37*C. At tlio«c organisms arc working at a more rapid 
rate since they are driven by high temperatures. 

The stimulating clTcct of inercn-cd temperatures is ju«t as 
evident with sonic of the higher forms of life Hiologists have 
found that more than twice ns many generation* of flics 
(Drosophila) arc formed at 27'C. as at 17®C per unit of lime. 

Destrudwe Aclion oj High Temperatures ti^lcrtli:atwn by 
Heat) on Microorganisms Heat i* the cheapest and l>c«t agent 
for dc«tnicliiin of cell* of microorgnni-ms It i* u*c<i in nnny 
great imlu'lric*, buccc«s of which deiwnds on restricting or killing 
micmorgani'in* A good cvamplc i* pn-ervation of fwif* by 
canning. Tho-e wlio 11*0 bunt for such pur}H>-c« try to u-c only 
amounts which arc nccc-‘ary l»ec.nu«e heat is cx|>onMvc nn<! 
usually produces changes which in.ny he undr*irahlc. In the 
hactrriologn* lal>orator>', lic.nt i« U‘cd to sUnhrc all culture me<li.n 
and even to separate specie* of hnetenn The proci-* of «l(-troy. 
ing all fonn* of life on or in any suh-tnnee hy any nwtho<l i* 
kmmn a* s/rnbralion Ssunc lia'c u«<sl the tirm dmnftction 
wlicn only pathog'nic or diMaT-pr\Mlucmg injen»rg.anin:'.» arr 
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destroyed. Distinction between these terms is close and, per- 
haps, unnecessary. Obviously, all methods of sterilization are 
methods of disinfection, but methods of disinfection arc not 
necessarily methods of stcrjlization. Under many conditions 
they probably arc. 

In order to affect microorganisms, licat must reach them. 
When they are on the surface, they arc subject to action of heat 
quickly ; but, when the}’ arc inside a substance such as a bandage, 
piece of meat, glass jar of vegefabfes, or any other similar sub- 
stance, time is required for the heat to penetrate. This fact has 
made it necessary for one to know the heating rates of many 
substances. 

In ordinarj’ methods of heating, heat is transferred from a 
hot substance or area to a colder one by conduction or radiation. 
In most eases this means that the outside is hot while the center 
is cold. Heat must flow into the substance from molecule to 
molecule. Heat is earned into Hquhis by convection currents 
and not to any e.X'tont by conduction. Tiiis e.Yp)ains the noees- 
sity of knowing what the rate of heat penetration is so that 
allowance may be made for it in selecting sterilization times and 
temperatures. 

I. Dry Heat. The term dry in this connection implies the 
absence of a great amount of water about (he cells. There is, 
of course, the usual amount in the protoplasm. Because of a 
lower amount of water present, a higher temperature must be 
used. Data from Frost and McCnmpbcll on page 210 show that 
with zero per cent of water egg albumen coagulated between 160 
and no^C. This indicates that a temperature above this must 
be used in dr}'-heat methods of sterilization. 

1. Incincrotion. This is the most satisfactory method for 
getting rid of undesirable bacteria, but it has decided limitations. 
It is used for destruction of dressings, and so on, from wounds an 
infections. Obviously it cannot be used for materials which mus 
be preserved for future use; some of the other methods mus c 
employed. 

S. Heating in Flame. This method has been spoken o as 
“incidental” method. It is very useful and is used by bac erio o 
gists for sterilizing needles and loops with which bacteria a 
transferred from one tube to another. The heating mus & c 
and the cooling slow. When needles and loops are steri ize 
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the free flame, care must be exercised to avoid spattering of any 
material on them and dissemination of infectious matter. 

S. Hot'Air Oven. The hot-air oven used in the laboratory for 
sterilization is quite similar m construction to that used in the 
home for baking. It consists of a Ssheet-iron box with gas burner 
or electric healer, either under it or about the sides Many diffcr- 
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ent types arc available of v.liieh the I-autcnsehlagcr type is mo'l 
common Some hot-air ovens arc «» constructed that a high 
temperature is mavnlaine»t fur a lung lime after the heat has been 
turned off Tins i« accomphriiwt by tborouph insulation. 

4. EUctronxc Stcrtlxzntion ’ Tlux is a relatively new method 
of de«lnicUon of bacteria by heat. U involves high-frequency 
he.ating or the use of ra*ho waves to generate heat through wlncli 
they arc discharged. Higli-frequency heating may he applied 
either by (hclectric bc.ating or l»y induction. 

The first H known a* dielrcfric ficnt l>ccau«c the product to be 
heatcil i<» a nonconductor, or dkleclric material, as are manv 
ruhstanccs in indu«tr>' I'raclieaUy all foinls arc dielectric Fub- 
stances. Dielectric heat is latRcly frictional heal and results 

»n V {:hrrm»n.r.Wfronirnn»tiathf TofttlndtiUnr. Twy/ 
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from the fact that each molecule of the Buhstance is repeatedly 
stressed by the high-voltage field. Tlie direction of the electric 
stress is reversed hy every alternation of high-frequency voltage. 
The charges are reversed from 1 to 600,000,000 times per second. 
This results in a very rapid temperature rise evenly throughout 
the mass being treated. The temperatures attained are, of 
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course, below boiling {I00®C. or 212^F.) but are sufficiently 
high (88®C. or 190.4®F.) to destroy ninny microorganisms. It 
has been shown that a 3-pound block of frozen food may be 
thawed in 11 seconds, whereas many hours would be required if 
other methods were used Although this process may not com- 
pletely sterilize foods, it is being used for heating foods, such as 
defrosting, melting, and baking. A recent development is heat- 
ing sandwiches as they arc sold in an electric grill 

Dielectric heat is different from induchon heat. In induction 
heating the heat travels from the colder areas, such as tlic outside 
of a food mass slowly to the center. The heating is therefore 
uneven. Dielectric heating is merely another way of producing 
heat within a substance. There seems to be no evidence t la 
the radio waves themselves have any other effect. 

II. Moist Heat. Presence of adequate water allows steriliza- 
tion to be accomplished more readily. Consequently, with t is 
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method a lower temperature may be u«od than with the dn,'*heat 
method. Water is nccessarj* for c<iagulation of protein?, and the 
more water there is, the more eabily n (!i>- 
infcction by heat accomplished. Besides 
its influence m coagulation of protein*, 
water may al«o assist in carrying heat units 
into the cell This is nicely ^hown by an 
illustration from the canning industiy 
Such foods ore sweet potatoes and roast 
beef, packcil solidly into cans, are steril- 
ized with more diflirulty than foods with 
freed lifiuul, such as peas and bean- The 
free liquor in beans and peas earnes the 
heat into the can by coiucelion current* 

1. Boiling. The length of boilmg re- 
quired depends nn several factors Prac- 
tically all factors influencing thermal 
dcath-tmic determination* abo influence 
boiling a? a sterilizing proi'e«lurc Boil- 
ing is a convenient mciloHl for -tenlizing 
such things ns tableware and linen Before 
instruments with cutting edgi** are placed 
in water, the water shouhl be boileil to nd 
it of tlie di«*o(\cd oxygen which might 
attack the «liarp eilgcs and cau'c ru-ting 
Although boiling is considcivd hj boinc to be a safe sterilizatinn 
procedure, it lias certain limitation* JikkI expert? in the fio\- 
ernment laboratories ha^e Migpe-tcil that all canned fowls be 
Ixiilcd before u-c m order 1» gne greater rtrlmnty of freedom 
from illne-es wlueb may l>c cau-cl by nich food* Tliey have 
lK.inte«l out that canncl fmHi- which liaac mpporttnl haclcnal 
growtli might be luaMly impregiialul with ga? an.l that furh 
fiK>d* would give the appearance of lauling much below the true 
boiling point. Another factor which ha? great influence on the 
iKiilmg point in certain «. ction? of the Cn.ti d Stal. s i* aUitude 
Boiling water nn<l map are prohnhiy the be*t changing agent? 
available A ciimmutec of prominent fanitnri-ani in the I nitcrJ 
State. reeoiumende.l them in place of fumigation after ca-e? of 
tominuruc.ah!e di-.aM? m the home Boiling water and map 
su.N are undnubmily more dc- 1 niftive to haet^na than rome 
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of the supposedly bactericidal procedures used in terminal 
disinfection. 

8. F ree-Flowing Steam. Such steam is not under pressure and 
consequently has a temperature of lOO^C. The only variable, 
then, IS the time. The apparatus used is simple and consists of 



Fio. 81 Various Types of Pressure Cookers Wtich Arc Used for the Stcriliza* 

tion of Canned Foods or Other Materials. 


a metallic box with a false bottom through which steam rises 
The “steamer” of the kitchen makes a good sterilizer although 
it is small The steam supply may be from boiling water or a 
steam main. Free-flowing steam is used in two different ways. 


Continuous Method In this method steam is applied continuously m 
long as necessarj’ The time is quite variable and depends on the matena 
to be sterilized and the degree of contamination. For ordinary materia 
a heating period of Wi to 2 hours should be sufilcient. If there is a 
bihty of veiy' heat-resistant bacteria being present, the heating period f o® 
be longer. 

Intermittent ob Fractional Method In this method, the steri za j 
time is broken into shorter periods. Each heating period — 30 minutes o an 
hour — IS applied on successive days. The fiist day’s heating is suppo=^ ® 
destroy vegetative cells — those in the aclno growing stage. 
first and second day’s heating, any spores which survive the ® 

ing will germinate and dcA elop into vegetative cells These will e. to 
on the second day The third period is added to give a greater mar 
safety and to destroy any cells nhicb may have survised t e rs 

The intermittent method was adi-ised at one time for 
vegetables by canning. Botulism outbreaks, however, from oo . jj 
in this manner, suggest that more reh^le sterilization me o 
be used. 
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S. Ironing. This common cvcry-day procctiurc in the home 
may have considerable hygienic value. Linens and garments are 
usually washed thoroughly m hot water and soap, dried, and 
dampened, prcparatoiy to the finishing process — ironing. Under 
the hot iron steam is generated, and bacteria may be killed. Two 
German investigators who studied the effect of ironing on bacteria 
in cloth used mechanical ironing machine® i\Iiich gave n tempera- 
ture of 100 to lOo^C, in a few seconds, and m slightly longer time 
125®C. The time factor was so measured that ci'crj' fabric, 
according to the thickness, was exposed to steaming for 25 to 30 
seconds. Thick overcoat matenaU which had been heavily 
inoculated were found to be freed from staphylococci and 
Eschcrici/: coli by tlic ironing process Tlie sln^rt steam treat- 
ment did not destroy sporc-bcarmg bacilli. Large quantitic.*! of 
tubercle bacilli placed in trouscr porkits were destroyed by appli- 
cation of steam for 30 seconds Those investigators were able 
to sterilize woolen and coniers-hair blankets nitliough the ironing 
period Imd to be Icngtiicncd to 3 minuict When ironing follows 
thorough washing m hot water and soap'UiU, the laundry becomes 
of added significance in the home Two German investigators 
have rccoiiimcnded the u«c of American steam prcsscrs for dis- 
infection of blankets, infected clothing, and the like. It was 
8l.atcd that the temperature betw-cen the plates was between 100 
and lOo^C Tlio stc.am pres>er was said to have many advan- 
tages which made it of value m small hospital?. 

4. Jligh-Prasiirc Steam It is known that a direct relation 
rxi't® between prc'^ure ami temperature of ^ttaln As prc'-nre 
is raised alxrtc atmo-phcric pn-'-urc by iK-mg enclosed m a con- 
fmcil spare, the toiuiKniturc n-cs. Table 3 on page 218 gives 
thc'-c rcfalion® 

A pres'-ure of 15 pounds for 15 minute® has been accepted ns 
rati^factory in mine laboriitoric.'* IlnweMr, a prc'-ure of 20 
poumU for 15 to 30 inmuU- piles a preattr m.arpm of j.-ifrty 
For m.nlermJs wlnrJi lU-av rim!.nn \ny n-i-tnnl nucnxjrpani^m®, 
ns foil or oilier Milc'tanccs which h*i\c Inx-n in conlncl with foil, a 
much longer lime i* nccc»<.ao*> 

The nppnr.-itu* und for .-dcriliimp with bigh-prr®«iire fte.am U 
known umUr ‘e\(rnl namc®-Hlipt'-ti r, nnt.»f[nNr. rttort. efremg 
fterihtcr. and «o on Tin*'* are U.xe® or r\lindir* made to 
wit!i«tand litgli jm-Mirr?. Tlic autoclaic i* pm. m!Iy n-csl In 



218 


ACTION OF PHYSICAL AGENTS ON BACTERIA 


bacteriological laboratories. The dressing sterilizer is an auto- 
clave used in hospitals. It is usually provided with more nickel 
plate and is a more striking instrument to look at than the ordi* 
narj' autoclave, but it is no more elGcient. It may also have an 
attachment for creating a vacuum in the sterilizing chamber by 
which dressings are dried before removal from the sterilizer. In 
canning factories, where foods are sterilized in scaled containers 
by means of heat, the apparatus for sterilizing is spoken of as a 
retort or cooker. 

TABLE 3 

Temperature 


Pressure (Gauge) 

Fahreabeit 

Centigrade 

0 

212* 

100* 

6 

228’ 

109* 

10 

240* 

1155* 

IS 

251* 

1215* 

20 

260* 

1255* 

40 

287* 

1415* 


The source of the steam for hij^i-pressurc sterilization may be 
either a steam main or a generator in close proximity to the auto- 
clave The former saves much time and is cheaper where steam 
is generated for other purposes. However, those installations 
which require the generation of steam close to the autoclave are 
satisfactory. Such installations arc often used in hospitals ^ ere 
there may not be a supply of high-pressure steam from a oi er 


iUUIU. ... 

There is no doubt that many high-pressure steam sterilizer 
are not giving efficient results. A comparative study of our or 
five sterilizers, two of which were in hospitals, showed t la on 
was not sterilizing, and physicians who used dressings an 
sterilized in it were working with false socuntj^ 
should be frequently tested in order to make certain tha ma 
are being absolutely sterilized. Different methods may 
for checking sterilizers. Mixtures of resistant bactena ma 


jor ciiccKiiig feLKijiizcis. miAtuito - .>i>h are 

spread on pieces of cloth in bandages and packings ^ 


spreaa on pieces oi cjoin in y - y tcriliza- 

then prepared and sterilized in the usual manner. A 

tion, these pieces of cloth may be removed with ^ 
placed in flasks of sterile broth for incubation. Ano ... 

- - - nf n Hfflp ♦,,hP containing a material the meiims 
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point of which is known. If the contents of these tubes ore 
fused, the sterilizer operator knows thnt n certain temperature 
has been reached in the autoclave Then Jt behooves him to 
make certain that the proper time is allowed. 

Questions are often raised about the efiicjcncy of the smaller 
types of steam sterilizers knonn as pressure cookers. They arc 
in reality small autoclaves. One difficulty has been mentioned, 
however; these sterilizers are frequently provided with only a 
pressure gauge. Both a pressure gauge and thermometer as 
separate gadgets should be used m order that one may be certain 
of the temperature. With a pressure gauge and thermometer 
the operator has two methods of checking the tempernture and, 
if he maintains the time, satisfactorj* results should be secured. 
Certain precautions must be kept in mind when using high- 
pressure steam for sterilization 

]. AJJ air riioui'J i>e rTpeJJed (ron> ibe Aj>paralu« It w apparrnt that, t! 
one has a mixture of air an<l rlrxni, he will not htse the temperature inifi- 
cated on the jrauRe. The prc'-'urc on the caucc may be adcfiuxtc, but, if il 
w due to a mixture of air an<l Riram, the temperature will l>e loo lew 

2. There should be a litilo water to prexeot eiiperbeatmit of the rteam 
Tins u an almost tuele-M precaution rmce most steam too wet and meet 
autoclavea eontaiQ more « iter thin operators wi*h 

3. After the lime of stcrilirxtioo h v elsn«e<l. the procure ma*l be lowered 
slowly, eUc the liquid in the contiincm bemz rtenlit'^J will boil \izoroudy 
and may overflow The cotton pliip« m there containers may l>e blown out 
or dampened. 

4 . Lvily may be mcniioncil a precaution alioul which formerly eonuder- 
ablc confuMon cxi*te<l It wx< |.clie\ed that certain me«lia (foo'l rolutiona 
for ^OBinz biefrrjil, conltminff eoch e«f»«faDee* Iietn'c aad n/erow. 
would be ebanced chemically m the autoeh^c It waa rcporle^l that there 
suzars Would be hjdrolyied to simple riiea". it waa rizicDite*l that rueh 
mwlii be strriliied by frci'-flowinz rtram Iloeareh. howcier, rhowrtl that 
the latter melho-l rau'cil more hydroU'w than the amoelaie rlenliialion 
The time factor reema to l>e am* Important We now l»eti«-ae that rugan 
rhouM lie rtenlued r«-paratfl> in water solution, the nece«’ao' amount of 
thw Folution may Iw adde.1 to me.ba ba* mraae of rtente r'P'”'* 

5 MoLit beat abo wed at Io« temperature^ J^mee a tempeTaturr of 
around CO’C. i> U-vd. the lime inu*t lx* rrpatfy fengthenef. to 6 or R hour* 
for »urh a meilnim a.« bIo<»l r^nim. 

r>. pQiteunzation Tlii« i* a proccaa of hc.nting matcnnl* t<» 
fempernturr* belmv fhr IxijJjng point, u'U-ally to nbovr fiO*C., for 
nlxaut 30 minute* It aa n« npplieif to beer nnd x inegnr by Paatcur 
to cure wh.xt he called “dl*e.a«t-a” of thc»c products P.x}tcu.'ir5* 
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tion is partial sterilization in that many bacteria arc killed but 
the materials arc not completely sterilized. It was this situation 
which caused trouble in early studies on spontaneous generation 
when investigators thought they sterilized their products. Fruit 
juices and a few other foods which cannot be heated to higher 
temperatures on account of alterations in flavor and appearance 
are preserved by pasteurization. 




1 % 


MOISTURE 

Water is ncccssarj* for all Jiving organisms. It carries food 
materials into the cell and carries waste products out. It also 
keeps cells in shape and preserves their 
turgor. The amount of water demanded 
by cells is probably quite constant, but 
variations may occur. 

Osmosis and Osmotic Pressure. When 
two solutions of dllTcrent substances or 
two solutions of the same substance in 
different concentrations arc brought to- 
gether, diffusion takes place. I\hen 
these solutions are separated by parch- 
ment paper or a similar membrane, it 
can be seen that a pressure results since 
liquid will pass through it in either direc- 
tion depending on the properties of the 
two solutions. Water molecules diffuse 
much more rapidly than the ^ solu e 
molecules. The pressure which is pro- 
duced is spoken of as osmotic pressure, 
and the process which produces it is 
osmosis. Some have suggested that these 
terms lack clearness and should e 
dropped from use. Osmotic pressure de- 
pends on the number of molecules 
solute in solution — the greater the number, the greater the 
pressure. Compounds with large molecules will aire 
osmotic pressure than compounds with small mo ecu • 
would therefore exert greater osmotic pressure than can 
Larson, Hartzell, and Diehl reported that sudden change 


Fro. 82. Plasmob-sis of 
Dactcria (A/ler Alfred 
Ftscher, 1900) 

c, Vibrio comma Froia ftn 
kg&r culture in 1 25 per cent 
Bodium chloride They are 
plumolyzed but atill living, the 
protoptaem 10 broken up into 
refnngement granulee b. The 
same highly magnified e.Ytbrta 
comma plaemolyred «ith cilium. 

d, Typhoid Bacitb in 2 4 per 
cent Bodium eblonde Btoined, 
the cell contentB in venous 
positions, e. Spirillum undula 
plssmolyzed protoplasm is block 
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osmotic pressure was detrimental to bacterial cells From tlic 
standpoint of the cell, three types of solution arc possible; 
L'olonic solution?, those havinR a flca«ily equal to that of the cell. 
n>-pcrtonic solutions, those having a deii«itj greater than that of the cell 
IliTiotonic solutions, tho®c having a dca«ity less itun that of the cell. 

/sofoTjtc Solutiojw. These arc solutions of salts having the same 
density as the cell. Physiological salt solutions used by biologists 
are isotonic solutions. Certain WTitcrs now speak more specifi- 
cally of these solutions in terms of the salt used for making them. 
Thus we may have pftysiologicol sodium chloride, physiological 
sodium phosphate solution, and so on. Such solutions arc fre- 
quently spoken of as normal salt solutions, a designation which is 
not good because the term “normal solution” has a well-defined 
meaning in chemistry. Physiological soihum chloride solutions 
arc generally 0 85 per cent solutions of sodium chloride in water 
for bacteria. The solutions arc necessary m bactcriologj' for 
preservation of bacterial cells intact, as lo bactonns 

Hypertonic Solutions. Such solutions arc more dense than the 
microbial cell. They therefore contain more salts or other solid* 
^^^lcn two solutions of dilTcrcnt densities arc separated by a 
membrane, water passes from the less dcn«e to the more dense. 
Consequently, when a cell is placed in a more dense solution 
water ivill pass out of tlic cell into the solutn»n, and the contents 
of the coll will become shriveled and cranular m nature. Tlic 
cell lose* its turgor. Tlii* is spoken of ns ;il<7*mol!/u3. 

The prcser\‘ntion of food* in concentrated solutions is prob.ably 
due to pln«molysi*. Concentrated salt and sucar solution*, and 
often mixtures of tlie two, have liccn used for n lung time. Ik^ual 
weights of sugar and eni-licd fruit give concentrated snlufions 
which preserve fruit. Meals may Ik* prr*crved in strung salt 
solutions spoken of os brines or curing sulutiun*. Mien>orpan- 
isms vary grr.atly in their traction to concentratevl wdution*. 
Some arc inliibited at concentrations at wlucb others w*iU carrj* 
on active fermentation. 

Pla'tmilysi* has nUo been helpful In stutlying stnicture of 
baeteri.al cell* ri*cher claimed th.at ct*ntr.aclii>n of eel! proto- 
pla«m away from the cell w.all by ph-mulyi* showril that tb'* 
protojda«m was not atiacbrd to the trll wall 

Some bacteria ba\c l>c<*<>me aeehmatcti to more en'i'-entmied 
solution* of salts and sugar* than have onlinar)* sjxru- S^rm* 
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microorganisms in sea water arc knovMi to require media with a 
high salt content for development. They will not develop on 
culture media prepared for ordinarj’ bacteria. The latter will 
not develop on media containing so high a concentration of salt. 
These obscr^’ations probably explain the statements of earlier 
investigators who said that sea water was practically devoid of 
microorganisms. Microorganisms which arc able to live in con- 
centrated solutions or which may even require them arc spoken 
of as halophiUc. 

Hypotonic Solutions. In such solutions liaving a lower density 
than the cell, water passes from the less dense to the more dense 
medium. Water, therefore, passes into the cell; the cell swells 
up and may burst if the pressure on the cell wall becomes great 
enough. This is plasmoptysia. Hypotonic solutions cannot be 
of great value in practical work since they cannot be secured 
except under laboratory conditions. Although hypotonic solu- 
tions arc harmful to bacteria, they cannot be used, for instance, 
in food preservation. Crushed fruit alone would yield a mbrture 
hypertonic for many microorganisms. 


DRYING 


Absence of moisture under ordinarj' atmospheric conditions is 
decidedly detrimental to microorganisms. They die at a regular 
rate, but not all of them arc destroyed even after sojourn under 
dry conditions for a long time. A few cells seem to be so 
resistant that they are not killed. In view of these facts, many 
foods arc preserved by drying. Their preservation may not be due 
entirely to removal of water but to concentrated solutions forme 


by the water which remains. 

Preservation of Bacteria. Bacteriologists find it necessary o 
preserve cultures and suspensions of bacteria for various reasons. 
Pure cultures ore needed for teaching purposes and suspensions 
of cells for thermal death-time studies and inoculation of oo s 
in spoilage studies. Pure cultures have, in the past, been pre 
ser\'ed by frequent transfer to fresh culture media. This is a 
time-consuming process, and other methods have been soug 
The lyophilc process has been developed in which the ce s o 
microorganisms are frozen and dried. The organisms are p ace 
in small tubes and sharply frozen at — SO^C., or so. High 
is then quickly and thoroughly applied to remove the mois 
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The tubes arc then sealed in a flame- Microorghnlsm? have been 
found to live for a long time without loss of important charac- 
teristics, This statement w especially significant for species of 
bacteria which are known to be short-lived under ordinary 
conditions. 


PRESSURE 

All forms of life find it necessary to adapt themselves to 
changes in pressure Fish have been taken from the ocean at 
depths which have pressures of eome 300 atmospheres* or 4GOO 
pounds per sfjuarc inch. FiJi are provided with swim bladders 
which help them to compensate for minor variations m pressure. 
Greater variations must be handled m some other manner Man 
also encounters striking changes in prosurc m mountain climbing, 
aviation, and deep-sea diving He seems (o be able to endure 
rather high pressures, but trouble may be caused if he comes back 
to normal pressure too cjuickly Sudden release of pressure 
causes the appearance of nitrogen gas bubbles in the blood. 
Serious symptoms of illness called the "bends” or "caisson dis- 
ease" are caused when divers ascend too quickly to the surface. 

The older textbooks reported that bacteria are re«i«tant to 
great pressures. Fischer reported that putrefaction and fer- 
mentation occurred under pressures of 300 (o 500 atmospheres and 
tli.at the spores of JJncjilws onthrocis v\erc unharmed by a pressure 
of GOO nlmo*-phcrc 3 applied for 21 hours. The same author stated 
that bccau'c of their small size bacteria had to viitlistand only a 
small procure. He statwl that a coccus 2 microns in di.amctcr 
at a deptli of 70S0 meters in the ocean would have to with«tnnd 
only 90 milligrams force. Tliis pressure should not l>e eon«idcrr<l 
indgmficant, for relatively it i< large Uk the bacterium Tlie 
older st.atcmcnts to Ific effect that baclen.a are not kdle<l by high 
prr-*ures arc b.n-rd probably on fnuUy lope. Growth in sub- 
cullurcA from su^pcn«ion^ which have been expo-e<i to high prt- 
sures doe* not indicate that bacteria are not killed. Quantitative 
studie* indic.ate th.nt there is great dcslniction of eoll« althoug.i 


a few do survive. 

l.ater experiments have given more rrli.vl>ic 
lAr..™, Iltirlicll, nn.l ni.W, «t ttf Cni'trtily <’! 
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found that direct 'pressure of 6000 atmospheres killed non-sporc- 
bearing bacteria in H hours. A pressure of 12,000 atmospheres 
for the same length of time was required for killing spores. 
Having shown that liigh pressures would destroy bacteria, these 
authors tried to explain the processes involved. They concluded 
tliat destruction of tlie organisms resulted from sudden change in 
the osmotic tension of the fluid in which the bacteria were sus- 
pended. Bridgman* exposed egg wliitc to a pressure of 5000 
atmospheres (75,000 pounds per square inch) for 30 minutes and 
found that it was liglitly stilTcncd; increasing tlic pressure to 
GOOD atmospheres produced coagulation like curdled milk; 7000 
atmospheres caused complete coagulation. It is possible that 
pressure would liave the same effect on bacteria. 

At the West Virginia Agricultural Experiment Station e.xpcri- 
ments uere conducted to determine wbclhcr pressure could be 
used for prc.«crvntion of foods. If it could be used, delicate 
aromas and flavors of such foods os strawberries, cherries, and 
apple juice, would not be lost as they ore by methods involving 
tlic use of licat. Hite and his coworkers found that the micro- 
organisms responsible for the spoilage of sweet ripe fruits were 
largely destroyed. A pressure of 100,000 pounds per square inch 
for 10 minutes stopped fcrrocnlation of grape juice. A pressure 
of 30,000 pounds per square incli was regarded as the lowest that 
could be used with significant results. Apple juice exposed to 
60,000 and 80,000 pounds remained sweet without the develop- 
ment of gas. Larson and his colleagues found that the sudden 
release in carbon dioxide pressure caused many of the Gram- 
negative bacteria to be broken up. The Gram-positive bacteria 
did not undergo such a destructive change although they were 
killed. 

Some w'ork has also been done on the influence of gaswus 
pressure on bacteria. Interest W'as revived in this subject 'V' eu 
it wms proposed to freeze ice cream when the air it ordinan y 
contains had been replaced by carbon dioxide. Tuo car y 
investigators exposed bacteria in milk to a pressure ° ? 

dioxide of 52 atmospheres without appreciably harming ' 
bacteria. Jlore recent work also indicates tliat higi 
of carbon dioxide wil 
gases are not widely 

3 Bridgman, J. Biol. Ckem , 19 (1914), 511 and 512. 
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AGITATION 

Agitation and shaking of bactennl cultures migld be favorable 
to multiplication because cells, in the process of division, would 
separate more quickly, and because gaseous wn«tc products of 
metabolism might be c,\pclled from the culture fluiil Al'o, the 
cells more rapidly come in contact with the cnergj' sources m the 
medium. HorN'ath in 1878 earned out experiments nhicli have 
been reported by most of those who have discussed this topic 
Gentle shaking was found to be without effect. Vigorous shaking, 
however, was found to be detrimental. \Vhcn the shaking was 
continued for a sufficient time, bacteria were killed; before that 
time reproduction was greatly reduced Meltrcr also conductetl 
experiments which indicated that vigorous agitation caused the 
death of the cells. In most cases those who reported fa'orablc 
effects of shaking used vcr>' gentle motion whereas tliu^c who 
reported harmful effects used more vigorous motion Mcltzer al‘o 
left some cultures of bacteria in an engine bouse wlicrc they were 
subjected to constant trembling motion. After four days the 
bacteria in those flasks were dead. On this evidence it has tHca 
stated that both trembling motion and verj' violent molioa may 
be harmful. These statements have been passed on la teitlwli! 
for gome time. 

AERATION 

Related to agitation U n*Tfttion of th»* culture fluid* in which 
bacteria are pn»pagale(l, A'rnlion not only ngitat'’* Ihr m'-'iium 
but al«o earn** nway volntil'* pro'l'i»(ii ttf iij« IftUdi'.m whi^.h 
would rfpr'-»* growth nnd Mnri»ifnrturir* of 

prtT-'d itirnlf lh« v.»/rl bi wlibh Mo y»n*t I* goiwri in ord'-r 
to jncr«a*«- th' crop 


fiUAVITY 


Tint phy»i'/.l ng'rP /Jvr r///f liftv* nri'li on 

#« (!» »•».!> r* r'f.ftll u’-yy* 

of /’.••'tf f' r-'> 'iy, 'h* g'fcM'y •.! 
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the type of growth in gelatin stabs, making the growth go upward 
by whirling the cultures. In general, the effect of gravity is of 
negligible significance. With motile organisms the function of 
movement would, at least, complicate the discussion. 

EtECTRICITY 

Electricity is a powerful physical agent with which a great 
number of experiments have been made on bacteria. Some of 
these have resulted in illo^eal conclusions. Experiments were 
made as early as 1875 and consisted in passing the electric current 
through media in which bacteria were growing or were suspended. 
Direct currents cause electrolysis with the formation of different 
substances such as acids, alkalies, and chlorine. These are harm- 
ful to baeterial life and have caused the reduction in cells which 
has been attributed to the electricity. Alternating currents do not 
cause electrolysis but may cause much heat to be formed, 
the temperature is kept low, electricity has almost no effect. To 
assume that bacterial cells arc not directly affected by electricity 
is about as reasonable as to claim that electricity has no effect 
on higher animals. Some authors discuss the effects of electricity 
on bacteria and other microorganisms under two heads, the direct 
effects which are said to be nil and the indirect effects due to the 
by-products of the passage of the electric current. This seems to 
be an unnecessary distinction. The several products of electrol- 
ysis arc germicidal, regardless of their method of preparation. 
No experiment has been carried out in which the electric current 
has been passed through the bacterial cell. Could such an experi- 
ment be conducted, there is no reason to suppose that the bacteria 
cell would not react as does other protoplasm. The fact tha 
bacterial cells are colloidal in nature supports the supposition tha 
its colloidality would be markedly upset by the electric current. 

Attempts have been made to use electricity for practical p^ 
poses. Among these are attempts to pasteurize milk, bu ® 
results have not been entirely conclusive, although considcra c 
data are available to favor the process. The element o cos 
enters into all such practices. Attempts have also been ma e 
treat sewage. The current was introduced into the sewage 
means of iron electrodes. Improvement was noted, but i ^ 
found to be due to the iron salts from the iron electrodes, 
found to be cheaper to purchase the iron salts as suci ® 
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make them in the sewage tanks from iron electrodes by means of 
electric current. 

Electrophoresis. Under tljc effect of difrercnces in potential, 
colloidal particles move toward the anode or cathode in an 
electric field. Movement of such particles caused by an electric 
current is called electrophoresis. It has been stated that the 
magnitude of electric charges of bacteria may be calculated from 
the velocity with which they move m an electric field. Virulent 
and avirulcnt bacteria have been found to exhibit diiTcrcnt veloci- 
ties of migration. Consequently, it has been suggested that this 
method might be used for distinguishing virulent from nonviru- 
Icnt strains and thus more expensive and cumbersome animal- 
inoculation methods niight bo avoided. Much more work must 
be done, however, before the method may Iw accepted 

Electronics. An electron is an extremely small particle carry- 
ing an electric charge Stream.** of electrons may be developed by 
cathode-ray tulics and such mstruinents as the cyclotron Since 
they possess great cncrg>' it has been hoped tlint they could be 
used to kill bacteria in foods * Although they might destroy 
bacteria, their use might al«o be harmful to the operator Several 
feet of concrete arc ncccssaiy* to insulate a powerful cyclotron. 
Continued invcstig.ations may reveal that microorgani-ms may be 
dcslro>*cd in this way. 


SURFACE TENSION 

Little is known about the effect of this physical agent on 
microorganisms It i.s possible that surface tension plays a role 
in the effect of otlicr agents such ns salts and sugars on bacteria. 
Its effect on growth is dtscu'^cd el®c^i|icrc in thi^ book Surface 
tension is an important factor in growth, morphologj’, staining, 
motility, and probably other characteristics of micn>organi*ms. 

SOUND WAVES 

TIin»c which have been invr>tigatr<l for their dc*tructivc cffrcL^ 
on bacteria are the high-frequency wa\c«, t«pceiaUy t!jo-e cxIImI 
ullra-onic or FUjHr.''onic wave®, Tlicy are w.avr? which are too 
higli for the human ear to iIclecL Ju«t how they nfTcct bact<m 
may not be know n, but it ha* Itecn susc« «te<t that they e.Mi‘c su'-h 

M: V»«crr. Will rwtronini Hr»oIuU(r»i*e Fi'vl 

Ccnnff.Mtrrh IS, 1911, IS »t 1 49 
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terrific vibrations in a liquid that they shake the bacterial cells 
apart. Williams and Gaines were able to kill cells of Escherichia 
coU by exposure in liquid to high-frequency audible sound waves 
of about 8800 cycles per second. They attributed the lethal 
effects to a violent agitation set up within the cell. They also 
reported lysis, or laking, of red blood cells. Later work by other 
investigators indicated that the various species of bacteria react 
in a different manner. Some species seemed to be quite resistant 
to high-frquency sound waves whereas others were equally sus- 
ceptible to its effects, hfuch more work will have to be done 
before such methods become useful for reliable destruction of 
bacteria. 



CHAPTER 12 


RELATION OF CHEMICAL AGENTS 
TO BACTERIA 

DISINFECTION 

Relation of chemical agents to life and development of bacteria 
is an interesting euiijeet for discussion; there is, perhaps, no 
subject in bacteriology and 
preventive medicine on v\hieh 
there IS a greater lack of 
sound information or greater 
confusion. Many substances 
have been proposed for dc* 
plruction of undesirable mi* 
croorgam«m’<, some of nbich 
have been fouml to be devoid 
of activity I’crsons not 
trained m the sciences arc 
exploited from all sides with 
ihfTcrcnt preparations for dc* 

••iruction <»f bacteria and pre- 
vention of disea«c The use of 
prejinrations which arc not 
reliable may lca<! to neglect of 
approved adequate methods. 

Chemotaxis. Microorgani«m<' show marked ability to rc.act 
to the presence of rhemieal compounds in their environments. 
Al! ee J)s csliibil lhj« alwhly to respond to chemical stimuli. Vari- 
ous kind« of eell« differ in ilii« re-pcet. and \anou« ehemic.als abo 
show a great «lifrrren«- in tlnir innuencr on cell*. Tlic phe- 
nnnunnn of rlirmnioxn may be definwl the reaction of a 
mieroorgani'ni towards cJiejnicals ?ome Tnienxirgani*ms seem 
tn lie rej'elled by certain rhrroical compiund^ xsliere.a* others are 
nltrarte«l by thfni Study of thi« sul>]eel requirt* U‘e of free- 
pwmiming relb in orthr that they may react without hindrance 
Tl;r phenonunon ha« Ikcti studied with certain salts and with 
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oxj’gcn. It may be profitable to review several of these 
experiments. 

Englcmann studied the subject, using freely moving bacteria 
that needed oxygen and also bacteria that did not need oxygen. 
When mixtures of these organisms were placed in water between 
a cover glass and a slide, those which needed oxygen migrated to 
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Fio. 8-1. Respiration Figurca of Motile Bseferia. 
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(A/ier Beijerinck) 


ThcM thm illiutMtioni are honnontal projeetiona »f bacterial prrrer*t>ona jn « Mer Tbe 
large orelea repreeent cover gliwca. At the top o/ the nrele (cover claae) a email pJatisum 
wire (not thottn here) le ao placed that e wed<«.«hapeU epacc occupied by (be water la formed 
The baa« liea in the mentaciji 

1 Thia reepiration Satire la of the aerobio type The meiile baciena eoHett In (be border 
lone. a. (he quieaecnt once eolleet at (he eenier, r, leatiog a vacant epace. /. beteeen 

II. Reapiracion (igure of (he apinllum type Three barieria need or tolerate but imall 
amount! of oxygea. Therefore, they collect at the cireumferenee of (be drop bu< a htde dim 
lance tn from the edge. «p Here the oxygen conceotraiioD I* lower 

III. Thia ia a feepiraiian of (he aoawbte type. Three bnclrpis migrate to (be center of 
(he drop where (here le tbe lowrat concentration ot oxygen 


the edge of the cover glass where the oxj'gon supply was most 
abundant and also where there was opportunity for its regenera- 
tion. Those bacteria in the mixture which did not need oxygen 
and for which oxygen acted as a poison migrated to the center of 
the cover glass nherc they found the oxygen concentration sparse 
as they preferred. Another unique experiment was carried out 
to show the same thing. He placed a grccn-alga thread in a drop 
of water containing these two groups of bacteria and then directed 
a small spectrum on it- In those parts of the spectrum where 
most oxj'gon was liberated, the bacteria requiring oxygen col- 
lected. It may be seen in Fig. 83 that this occurred betneen t e 
lines B and C and also at F. Beijerinck's so-called “respiration 
figures” are also interesting; they are shown in Fig 84.^ Thet ree 
parts represent horizontal projections of bacteria in drops o 
water. A small platinum wire was placed at the part represen e 
by the top of the drawing, between the cover glass and sh e, vO 
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fts to form a wedge-shaped space winch was occupied by the drop 
of water, tlie base of «hich was in tn, the meniscus 

PfefTcr used another method of demonstrating chcniotaxjs. lie 
partly filled a small capillary tube, about 5 to 10 millimeters m 
length and scaled at one end, xiith the chemical compound to be 
tested. This tube v,as invcrteil in water made turbid with the 
bacteria to be studied. Positive chemo- 
taxis was indicated by concentration of 
bacteria about the open end of the capil- 
larj’ tube; finally, the bacteria began to 
enter the tube. PfefTer studied several 
common chemical comiwunds No rela- 
tion exists apparently between disinfect- 
ing power and clicmotnxis Chemicals 
which act as disinfectants might bo ex- 
pected to repel bacteria, but apparently 
this is not nlway the ca<c. 

Definition of Terms. Some confusion 
exi-ts today bccau'c sucli common terras 
as disinfection nn<l sierilitation arc u*o<l 
with (lifTercnt meanings Patterson' de- 
fined these and other terms ns follows: 

Gcrmiadc An}iliins tint dc«tro%s 
(microorKTiu«m*), npfluHl e‘r<vully lo 
thil kill (li^rvc Krrni.* 

Ihrtfnadi An.Mlime ihtl P^rlms. 

AnUirpite A fiiU<'..inec th'»t oppo'ri 
j'lilrt firlion, or drcij , o^c Uiit prevrot* or 
RrT»j<U tliC Rfowth or artioT of nMrroorKini'tns, 

• ithrr liv inliil’itine tlinr artmty or l»y dortroying llicm; av^l crpecially 
of Bcrnin nrrlii*<j to InitiR tvwc 

Ihrtcnotfnl' An as'Ht «fi'rh i»i-rr?y mhibilji microorcmi'nvi but docs 
tint ifr'lrov thrm. Tlirj rrmnn domimt b« lonR w ihr l»rtrrio*lat l« 
m'lilu'rd (tr tint divipiln.! Wbrij tlu« oncu**, tlif mifroonsi’ii'nw prow 

• fan (Vrtain fi'Ka’in i!ac« •nd rbrnural ronipotind* »»-li n* drufa 

arr l>irtrtir,«*a’» ]n roinr c»/'- It tl.»l »u'»»!sr.rr» 

I !>' 1 tl.r Inrtrrii n <-f<-i-k ut»t»l tliry r»n 1*^ df'*fT3%rd l>v r.aUmI sr'nt* 
in l}.<* l»>lv Iljrtrriii*' it* inlfifrrr wilb cr bitxk oar er mwr rpe^ifi 

fi;n<"*inr.» rtf il r t^ll 

An •rr.t Ibsl fir<» ftn'n u»*ullr ■ rJrrrj'^t 

«C''Cl «}. '•h il'-lini* f'ftr.i or p’!rr I »rr".ful nirTt>r-C»ni»— .• (Ifi! 

«IV?rr.,n..tr, J T-'. //rsffk 52. Mar ITS 



Fio. 65 ClicmoUxM. 
{A/tn Fttcher) 

A part rt • dr’p el «r»lrr cod* 

/aertiem 

rvnt) kMl • raMta/y t»al«l at 
an* rivi ani partly Sllol •lili ft 
I*T («nl aUaliitr {rpton* a> lu> 
Imn Kon altar lb» inttnlur- 
t ir>n of ilrt ri (a'lary t)i* Wt ma 
lar* ri>ll«rl<>i alnvt Ihr r^vn 
rnrfrftbrti.br Tbta la prriurr 
rlrnMitatia. f.atrr, rn aimunt 
of tl.* timU «<>(*•. tbrj 
Lar* n Ilrrlrd nrar tbr arr 
bt.U Ir. 



2.T2 Rr:u\Tiox or cin:Mia\L agi:\ts to iucti:iua 

not, orJjmri/y, fncfrrjaf /TJorw); commonfy ifcd of mibstancw applied to 
inanimate objccla. 

filrnhzalion. The art or prorra of /'(rriJijinc, or freeing from all /iviag 
nJkrooffrjnt'm.f. 

Droilnrnnt ' An)-l}nng tbai or nmlw ofTfa-hc odon*. 

FunfficifJc. An nernt «)neh iJc^lroya fund. A funyulnt u an aecnt which 
mrrrJy fuDR} x* Jons ai >1 1 « m riremf; cnpuch conctnlralha 

Infrelimh A <>tib.'<laDcc tint df-xtroyjf ia-ict*, r.«prc»ally a preparation 
u.«ci:l for th^■^ purfio-c. 

rr<i;i/iy/»ietif Anything tint prc%cn{^ or conlributca to the pre^entioa cf 
dt’C.T'O, a preitnlue. 

A conitiiittco* of t!ie Amcriran Public Health Association has 
also riefined these (oruw Vtfin/ccfion uas tlcfincd ns dcstniction 
of \’italjty of pathogenic iijicroorganisios by che/niraJ or phyiicaJ 



Fio. SO Pisinfcction of AnlhniT aporc^ with 5 per cent phenol at 333 G- 
(CAiV*, fOOS) 

Curw a, Survivoc~timc curve,' the number of sur^aving Fporc« fa 
plotted RRainst time. The eur\T is drami through a fcriw of e^eu 
jwmt.s, the cireiea pliow' results of experimental cletefTnination* » 

Loganthm-s of eonecntration of eurvivors plotted arun^*'- 
(From 4 System o/ Ractcnolog'j. By pemmion U. M. Slationtry Ojjirt) 

mean?. Concurrent disinfection was defined os the 
of disinfectants immediately after the discharge of m ec ions 
materia! from the body of an infected person, or after soiling oi 
5 The Control of CommunieabJe IH^casca, Americaa Pubhe Health 
elation. New A’ork, 1915 
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articles with such infectious discharges, nil personal contacts witli 
such discharges or articles being prevented prior to their dis- 
infection. Terminal disinfection is the process of rendering the 
personal clothing and immediate plij'sica! environment of the 
patient free from the possibility of con\cying the infection to 
others, at the time ^^hcn the patient is no longer a source of 
infection, f’wniiffation nas defined as a process of destruction of 
injects, ns mo--nuitocs and body lice, and animals, as rats, by 
employment of gaseous agents. 

Sliarp distinction should be made between an antiseptic and a 
disinfectant. Study of the previous definitions will indicate that 
a substance may be a powerful antiseptic but a poor disinfectant 
Antiseptics only destroy eome special jiropcrty of an organism 
such ns growth, fermentation, or pigment formation. A disin- 
fectant is supposed to destroy the organism itself. Such distinc- 
tions should be kept in mind when the value of statements made 
on labels of many proprictar>' preparations is npprai«cd. 

Characteristics of a Good Disinfectant An ideal (ii*infcctant 
probably docs not c.vist A good one must po«si’-s certain char- 
aclrri«tiC8 which may now be discusscd. They were listed by 
Dreyfus in the Aoicncon Journal of Puhlie Health (1912) os 
follows 

t Hvjh Ccrmtetdil Povrr a ^uhuttncc J)V« ftppreenh!** CTfni* 

cidtl |io«rr, il would not eome within the e<-opc of thix di'ni'eion, it 
rrvombi'’. therefore, to Ii‘t tJa* s." the f,r.t re<|niremrhi of a pool dj-unfeel- 
nnl A cliemieil rompound may l«e lone for one baclmum but iniftue 
towird anolher ll imp<s«ei,|r. therefore, to msle pentnl »1itemrnt.i 
nhinil crnnieidjl (iliiliit of a eiili-lanfe Mjrted epeei.'intt mi\ I-* »hown 
for eirtain ri*<eir« of Inrirria 

S \ di'infectanl eho'ill lie fsirtj rtalde B’ld not lute mjrkr<l 

nr.nil> for ofRinr miticr If tl do^« react leadda with orcanir inaMrr. it.« 
Ahihia to iI<-*’roi Inrtrrta wi’l l>e di^ipjitol Foi.r of th** di-mfretant 
would ha*r to Ik- u-'-d to »ili*f> lie crcmie mittrr r')oiii:*i to funrtion 
»« 1 lii'irri'i le reniio \ d^or.feetant e'on’l I-* »'»’,!»• ail riot 

fiihjm to <lr<-o'';pf>iiim 01 rtandine 

S //uei'ijrrc <••,# I «,e, Tl I* !• One of I'.e nfl>; | — porta’ll tCT .irr'- 
r-.rnt* of a prvvl d.'in'r^iait Orta « eoil'O jn l« wo-i! 1 I.' c v.l ,| . 
ai’a if It arrrr o''* f”’ tl *• f»'t H a! Ihei form e-. in wj’r’ r»!‘ f r !* ii 

l.oT.r'It’r.rou* ei'i'i''.* Til*" eTe«d<, for iti*t»r»-e «*r ir’Y pr' Ki-r'ir to 
li»r*r-ia but fr-rrs r-i'Va c-nisb-oi* in water, eer.»r<j j-'li, »• »’ hvt 
in I* i« f’ii; 'rr. t’-'V I lar Irra’M lo i-iVr t‘T-> j- «-.* V wi‘‘. wjvr 

i .•J.d.W.',, Or /Vvw.-e.f /-- rji. n IV' r, 

f-Tp ••.’.••'.incea Can fui't.ia t!.rj^rctinu i1«t n -'t i •...t'-. tli» 


234 IlELATION OF CHEMICAL AGENTS TO BACTERIA 

reqinres that they be soluble. They need not be soluble enough to yield 
strong solutions but only such solutions in concentrations as will be toxic for 
bacteria. The two chlorides of mercury illustrate this point. Mercuric 
chloride (HgClj) is soluble in water and is used in dilute solutions as a 
disinfectant; tacrcurous chloride (HgCI) is insoluble in water and cannot be 
used m this manner. 

5. AT onpoisonoui io Anirnal Life. An ideal disinfectant would destroy 
bacteria without harming tissue in which they existed. This would require 
marked toxicity for bacteria with no action on the tissue of higher animals 
Such a chemical compound is difficult to imagine. If it is toxic for one kind 
of protoplasm, it is for another. Concentration is involved, for even the 
most active disinfectants lose their activity if diluted too much. Some of 
them even stimulate bacteria when the dilutions are high enough. This 
seems to be true for all poisons. 

6. Noncorrosive. Corrosive chemical compounds would be difficult to 
store and would attack materials to which they were applied. Their strength 
Would be reduced accordingly. Dilution may reduce corrosive properties 
Without materially lowering disinfecting ability. 

7. Sujficicnt Foiccr of Penetration. Few compounds can penetrate to 
any extent into living tissue. Physicians and surgeons have found it neces- 
sary to apply the disinfectant in the immediate vicinity where it is needed. 
Numerous preparations have been advertised for treatment of pyorrhea 
This infection is a deeply seated abscess at the base of the teeth, and it is 
silly to expect that a disinfectant incorporated in a dentifrice would destroy 
the bacteria in such abscesses. 

8. Moderate Cost. This requirement cannot be considered apart from 
others. Germicidal power must ako be considered Disinfecting ability 
should be purchased and not bulk. Cost must be considered along with the 
purpose for which the disinfectant is to be used. 

Dreyfus added the following two requirements but it is doubtful whether 
they should be expected of a distofectant. They require ability quite 
apart from the disinfecting property. They arc included here only for 
completeness. 

9. Deodorizing Properties. Few disinfectants are deodorants. It woul 
be a fine combination of characteristics if disinfectants had deodorizing 
properties. However, they merely replace one odor with another, and some 
of our roost useful disinfectants, such as the phenolic group, possess ociots 
which are disagreeable to some people. 

10. Power to Remove Dirt and Grease. This is also an unnece^ry 
demand on a disinfectant. If a detergent is needed it is better to pure a«e 
one separately and to fellow its use with a good disinfectant. It i3 extreme y 
difficult to find a compound which will fulfill the eight requiremen o a 
good disinfectant and also the ninth and tenth. This is well emp asize 

the low disinfecting ability of soap, even the so-called germicidal soaps. 

Factors Influencing Disinfection. Disinfection is in all P^ob 
ability a chemical reaction. At least much good will resu t rom 
considering it from this viewpoint. Two agents arc reac mg, 
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disinfectant and the bacterial cell or, to express it in anotlier way, 
bacterial molecules and chemical molecules. What factors influ- 
ence chemical reactions, and how may they influence the chemical 
reaction bct\\ccn the molecules of disinfectant and bacteria? 

1. Tcmpcralnre Chcmicnl rcactjoiu arc accelerated by rusinR the tem- 
perature. The chemi't u able to accompl^h in the laboratory in a few 
mmutci with heat what would require man) )car< to nccompluh at room 
temperature In thu hcn.«c heal m.ay be looked on m a eataljit, emee it 
accelerated rcaction.9 which are taking place %er)' ilowly at ordinar)’ tern- 
porafurr^. It ha.^ betn found to have the Fame ellect in di«jn/ectJOD. Wjlh 
Snlmonrlla para(]/p/it the killing power of carbolic acid ha.« been found to 
increase from two to four timea for each 10* rue in temperature Thiv 
inerc%«c m du-mfceiing activity of a compound by ratting the temperature « 
Fpokrn of m ilv tcniiKraltire eoeflicicnl Wc will learn later that disinfec- 
tion w probiblv due to eoaguUliori of protein Tlie effect of heat in coagu- 
lilion of prolcia< Li nicely illu.«tralrd in the cooking of an egg The protein 
could lie coigulated (cookeil) at 70*C in perhapi two or three hours but, 
by rjiung the temperature to 100‘C. the coigulation lime ii Fhorleoed to 
a few minulcj Al tcmperaturca below 70 *Ct the time would be propor- 
tionally longer. 

#. Time It n impowiLle to Fcparate temperature and tune, but cotj- 
iidcraMc good will Ix' derived if attempt u made to do to It hai jint been 
shown lint ML-ing the temperature may great!) ehorten the lime required 
for diMufeclion One important practical fact alioul di«infeetion » that it 
|i ft time pro<e<i nrul rot an ia*tantaneoiii reaction Con.'cquently, much 
more mformaiion u« given about the activity of a eompotind if the time « 
given For ift‘t.aftee, it does not mean much to ray that an organym i« 
killi d at 80*C It nieans mueh more to »ay that it w killed at SO’C in A 
minutes 

S .Uotirare Dumfeetien probably resull.a from rovgulalion of protein. 
It h^i l>een well deninn.*tratr<J by biorhrmL-ta that roagulalion of protein 
require* water It i* al-o pivitil'’ that matrr a* nrcevar)- for earrjir.g heat 
and chrniieil«, jf tlirv are !■ ing into the cell In ihw wav water may 
serve a twi>-f«M purioe m di-icifrclion In the chemical lvl<orati>ry corn- 
I>oiin-li are uMully Uandlral a.« water solutions since thru rractivitv M 
mvrLnl!) men ve*l in the liquid condition Tlie neer-Mly of watrr in 
di*infi<-iion was nicrlv shown by one investigator with ehlonae He 
• vjx'-ol «Ir> anthrax spore* in an atmosphere ermtaini-g 417 per ernt ef 
rhierino for o".e hour wilhor.t killing tl.rm Wirn ihra* werr mr'i*Jen-.|, 
thrv wrrr kill'- 1 m tb.« same time hy only 4 jwf of cMorinr It i« alwi 
stair«l iJ it slro'iile aJeohol 1 * Dot a di-mfeet»nt, liul al'oHol slows some 
di*inh. !inr a! d.'v »l m m JO per cent sohUir-i 

i (•..nrrnfmJK’a r/ /?r.>e',rg ^.t’x.'cnres la d.-.a'rr-lioa reaetie-i* 1‘^c 
rv a-li-ig sfat* Uivv l>e rorv* lerral lo lie el rtmcai molreidrs an { bsr'rr.t 

mo’ri-t-h* I fo-i rVrr.i-’rv it nir Is- seen wi'hm errtam 1 r-i*. t'w 

ri''rr th'— rra-ti-g n’e-a— ss, t».- I-W p-nj -rt wp! I,- 

fcrrif.l Tl <• I ’fl- • la tl rw t- ki''«*l barj-nil j •o'l [ ’x-ri .t!’ .'-jr'i 
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there nre important objcctiOM, disinfection may be considered as an appli- 
cation of t!ic mas-? law which slates that the amount of reaction depend.? on 
the concentration of rcactinR substances. Consequently, in disinfection the 
proator number of cells (b.aetcrml molecules) and the more chemical mole- 
cules that nre present, the greater should be the amount of product or 
destruction of bacterial cells. 

DL«infection is a chemical process and therefore probably follows chemical 
l.iws. Cluck (1008), among many others, has given con-'idcrablc study to 
this subject, and many of her data form the b.^«^9 for our knowledge of 
disinfection. The chemical reaction in the present discussion nould take 
place between the disinfectant and the bacteml proioph-m. Chick stated 
that disinfection followed the well-knosvn law of physical chemLstrj’ — the 
monomolccular law ^ The same equation may be used, provided legitimate 
substitutions arc made in it. 


— rfc 
“dT 


KC 


or 

This may be changed to 


' log - 

tj-fl Cj 


K 


-log- 
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In this equation the numbers of bacteria, ni and ns at times fj and ts have 
been substituted for Ci and cj, referring to concentrations. For such a dis- 
cussion, tlie monomolccular law may be dcfinoil as one povorning n reaction 
between two eub.«tanccs nhcrc the change m concentration of one may be 
measured. This law seems to be folloned in disinfection when any agent 
IS used to destroy bacteria. It is apparent that rate of death is alwa;j'3 pr^ 
portional to the number of cells which are Ining at any gi\en time. This 
simply means that, where there ore kirger amounts of reacting substance, 
more reaction is secured. Consequently, a greater drop is secured in the 
curve during the first units of time. Some objections m.ay be rawed against 
considering di.-sinfcction in this light. The bacterial cell must be regardc 
as u molecule. It is quite dilTcrcnt since it posscs^ses “life” nnd is sunounde 
by a membrane. It is aUo neccN^arj' to neglect the change in concentration 
of the disinfectant At present the dwinfectant is usually added in 6UC 
excess that any change which might occur is neglected. 

6. Presence of Extraneous Matter. The chemist tries to use very pure 
reagents He does this in order to be able to secure more trtwtwort y ata 
and also to allow the reactions to go on more rapidly. A smular sKua ion 

3 Students of disinfection arc not agreed that this law’ should be u«ed 
explaining it. In an introdudorj' book of this nature it is , 

present all the various opinions. This discussion is presentc to ® 
those students who h.ave the necessary background to thm ' ® ,, 

infection process The various arguments that have centcre a 
explanation of the process may be left for future study. 
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exists in difinfection. Prcscnec of tnurh orpiaic matter, other than that 
in the bacterial cells, prcatly reduces the effect of dt-^infcctanL-". In piicli 
cases it IS nece.v3r>’ to u-c amounts of disinfectants far in excess of tha^; 
required when orparue matter is almo't absent 

6. Surjace Tension This « one of the newer factors that haae been 
found to innuencc di-infcction. Lar«on and Montank found that, bj lower- 
ing the surface tca-ion of the medium, .V^colwctcnurn tubcrculotu became 
so altered in cliaractcn-tics that it was more su'ceptiblc to action of immune 
bodies in animals In\r>lipations in other lalwratoncs have abo indicated 
that surface tctisioti mij pla> an important role tn di*in{pction rTOl)u»her, 
for iru-tancc, stated tint baclencidal powers of plwnol and hexj Iresorcmol 
were incrcaseil by lowering the surface ten.»ion 

Scicral other factors »uch as prcxious liistor>' of the orpaDi«m, hydropen- 
lon concentration, ape of the cells (•‘pon-), and kind of orRini*nj (*pccic<) 
also innuence d^infertion 

Specificity of Disinfectants. jMime disinfectants arc especially 
poi«onous to certain bacteria and relatively liannlc^s for otlicra. 
Consequently, Rcneral statements about tlisinfecting properties of 
compounds slmuld be carefully ccm-*idcre<l. Chlorine cumpound’i, 
for instance, arc known t<i be alim»'t dcvonl of action, in ordinarj' 
concentration*, on tubcrculo«i 5 bacteria but quite active on other 
bacteria. Some students of di'infeclnm hnxe supKOsted that each 
chemical compound proposed for use as a jiractical disinfectant 
slintild be studied witli tlie microorpani'm for dcatrtiction of which 
It is proposed by the manufacturers Tlii« would allow the public 
Vu select di'infeciant* v. «Ji greater evrtarnty. Gvnml statements 
are of little value 

Action of Disinfectants. Ju*l Iiow arc bacteria killed by dis- 
infectants? beviral (actor.* which influence disinfection have 
jiHl Iwen ili'cii'-ed from the xiewjMiini that ihunfeclion is a 
clieimrnl re.aclion followinp x^cll•^'■tnbIl*}u•^l laws. It may l>e 
helpful to ritam (In'* clumiral Mexx|)uint in tin* p.irapraph also 
m trjinp to ilet« rniiiif liow b»et«rial eelln are killed For con- 
venience, the follow mp rraclion-j may be eupjjesteU: 

I Oxidition iraftiorii* 

(n) ('l.lorir.'' mn I o'.hfT ron>}<ciundi. 

(ti) {vnniJr 

(f) Oio-i- 

(,/) rul»vii.-n {»rm».-|f»a 4 '.c. 

II II,d'oM.-rr.Mioi 
la) .‘‘ifo'-s and. 

(h) Hut wiVr 
(c> Mioai 
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in. Torni.'ition of mRi with protrla^ 

(fi) S-ilf.? of tho ht'a\y mctnl*. 

(b) Diroi^t h.nlof^cnalion. 

IV CoaRolation of iho proteins in the ecllJ/ 

V Acioorption about the celb. 

Tins tabular outline may cover fcvcral procc5?cs which arc 
involved in the dc.«lruction of bacteria. It is nnt easy to prevent 
overlapping Protein coagulation, nllhoiigh tingled out as a 
separate process, may be the explanation of tlio action of all of 
the other reactions. Kven though a cell is killed hy an oxidizing 
disinfectant, it may finally be destroyed by coagulation of the 
proteins It is quite probable tliat the actual procedure by which 
bacteria arc killed is not knoun. 

The larger groups of chemical compounds whicit Iinvc been used 
as disinfectants may now he conshlcrcd. These compounds may 
be grouped in different ways. Any method of classification or 
grouping would be nrbitrarj*. Consequently, in this chapter the 
compounds have been grouped after n sclicmc u.*c‘d by D.akin and 
Dunham in their “Handbook of An(iscptic.<».” Only some of the 
more commonly used compounds will be mentioned. 


I, THE HALOGEN COMPOUNDS 
Chlorine, bromine, fluorine, and iodine are so active that they 
do not exist in the free state in nature. They have mar 'C 
nfiinity for Jiving proteins — a fact which ever}* student of chem 
istrj’ soon learns from c.\pcriencc. This nfiinity for living pro o 
plasm gives some of the halogen compounds a prommen p ac 
among disinfectants. 

Chlorine Compounds. Several chlorine compounds arc 
lant in preventive medicine. They have been us« or i- 
infecting public water supplies, for treatment and disin ^ 

war wounds, and for general sanitation, ^ot a‘ ^ 
compounds act as disinfectants. In this connection 
compounds may bo divided into two groups. One group 
those compounds which have the chlorine firmly 
in sodium chloride. The members of the 
chlorine loosely bound as in calctmn hypoehlorite. 

' mentioned elsewhere, this may be a disativant.igc, 
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pound may deteriorate during storage and later be used ^ith a 
false sense of security The mechanism by which chlorine com- 
pounds disinfect is explained in two nays They may act by 
oxidation or by direct cAfonnotion. The latter seems to be more 
obvious than the former. According to this explanation chlorine 
atoms add themselves directly to the protein molecule or replace 
constituent atoms such as the hydrogen atoms in — NH, groups 
in the ammo acids. Protoplasm nhicli has been chlorinated in 
this manner cannot function normally. The oxidation explana- 
tion involves chemical reactions which arc used to explain bleach- 
ing of cloth by chlorine compoumls The chlorine reacts with 
water to form hydrochloric nci<l and unstable hypochlorous acid. 
The latter compound releases its oxygen easily in the presence of 
organic matter. 

Lxqmd Chlorine This is sold in cylinders and has great use 
in disinfection of water ^\hcrc it has almost entirely replaced 
calcium hypochlorite. Liquid chlorine has advantage over cal- 
cium hypochlorite m that only active chemical is added to 
the water. When calcium hypochlorite is added, considerable 
inactive matter is included. Chlorine is vcr>' Irritating when it 
is inhaled in largo amounts. 

CalcMiiH Uypochlontc This is also known ns chloride of lime, 
hypo, bleaching powder, or “bleach.” Tliis compound has been 
widely u«ed in sanitation and has l>cen rc*pon«ihle for great 
saving of hfc from wntor-liorne di«ca-c« It luas l)ccn almost 
entirely replaced in sanitation by liquid chlorine in largc-sc.alc 
disinfection. Alwut the home, however, it still ha« a place. 
Hooker (1013) gave the following rules for the u«e of chloride 
of lime: 

r»r«t, do not mix loo stiff a ni'lr, othrr«vc a r-htimtiriR arfioa takw 
and grritrr diffi^wUv m rrtihne oMt v fnroanlrrM NVvff mix a 
wiih thxn ’-3 pnllivj of watrr for 1 pound of chton !<• of limi*. 
Swond, It M rot nrrT-«ir}' rnr dr*iraM«> lo imnd or l»ml, up thr Jumpi loo 
ll.oroiii:Kl> , llir I'ailaM'* rlitonni- orarU all dn*obrf rrtdib- Too murh 
aritation w drtnm<“nla! lo prompt »'ltlinic 

Tlie«e prt cautions should lx* Iwmc in mind In applir.ntion of 
chloride of hine to s.initntion Tlje strength of clilnrid'’ of lime 
is mra*ured in term* of "nt .n!.al>!« c!il*>rinr " Tlii« i» nn unfnr- 
Itmtle trrm since it iiiiplic* that the di-mhetlng pri'p* rlirs of the 
co:niv)’.md rr»t solely in the chlorine. i*a*t work indiratcs that 
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in the followin^manner The oxygen is formed 


“““ ’sssssr+of <»“•'■ + ”» 


abk ‘chJore'Ttp)atnrfcT’“® ‘™ "^™'- 

because it is the oxvf»f^« t,.i • t pofcaiiai oxygen/' 

(1916) made some m w » important role. Lager 
oi calcium hypochJorjte 

not depend on ava^o ehl disinfecting action does 

chlorine acts. 

resistance of the nrrro ■ Jl idling depends on the 

specifies that ehJnrid^ United State Pharmacopoeia 

market itmavfniif jn small cans on the open 

.nSn.s®:„7orhcrni:r„r^“ ^ 

^’ith group chemists place compounds 

MoL of 'T" groups, the hydrogen 

In n-ater trenfm ^'^P^'^ccd with chlorine, 

to the eh/nrm term, according to Berliner, is restricted 

and nhnrm ^ products of ammonia; in the medical 

mnnn- nwH H fields it rcfcrs more or less specifically to the 

ca)hd hi toluene sulfonamide derivatives 

called chloramme-T and dichloramine-T. These are: 


SOiNaNCl 

CflfoxjUIiiD^X 


SOjNCIa 

Diehloraini»».T 


Toluene pnrasulfondichforamino is formed when nascent chlo- 
rine, armed in aqueous solutions of hypochlorite, is brought in 
contact with suppurating wounds. Dakin (1916-1917) proposed 
the name dichlorammo-T for this compound. He showed that 
most of the substances containing a — NCJ group are strongly 
germicidal. Presence of more than one such group does not seem 
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to increase the germicidal properties to any marked degree. It 
may be used in stronger conrcntrations than some of the other 
disinfectants It is claimed that its use is ns simple as the use 
of tincture of iodine 

Many other chlorine compounds arc on the market for use as 
disinfectants Among others may be mentioned B-K and IITII. 
The latter is a true calcium hypochlorite with a composition in 
which the active element exists as Ca{OCl),. Its concentration 
of available chlorine is not less than 65 per cent. Because of an 
inherent stability this concentration is maintained even after 
months of storage at summer temperatures. It reacts according 
to these equations- 

Ca(OCl)3 + 2IUCO3 -* CatllCOj)} + 211010 
2iicio—2nn + O2 

Iodine Compounds. Tlicsc react in about the same manner as 
the chlorine compounds 

Iodine. This is con'idcrcii by many to be a reliable rfUcient 
disinfectant u«cd generally ns a ••tincture" \\liieh is a solution 
in alcohol of varying strength A 25 per cent solution in 70 per 
cent alcohol «as ndvi«c<l by Dakin anti Dunham. Iodine lm« 
been u«cd for disinfection of wounds nn<l skin. It u quite irri- 
tating in certain parts of the twly owl <locs not satisfy the 
requirements that a disinfectant should lie clTicient and still 
noninjurunis to delicate ti*-ues «)f the bo<ly Some surgeons have 
slnteii that iodine i< not ‘o reliable a** i« generally believed They 
have reported serious infection-* following if" U'-e Tl)i« may be 
due to the fact (hat «omc di*mfrrtant*> are more active Bgam«t 
one orgam«m and le«« active ngam«t others Mahon and Wliitc 
(1015) report that iodine in alcohol is nlKJut four limes a* power- 
ful as phenol Their work was done on naked organisms with 
nhrrthrlln tuphaa as the le«l organi«m. 

Iodoform. This compound has antiseptic properties. It is 
iK-licved to drc(nnpo«e ftowly m the pre«tncr. of organic m.iUer. 
forming free io<line to which the action nf iivlrifonn may l>e 
nUrjlmtul Ihigling (1012), in slud>ing the prrmifidal action 
of if«lrifonn, rcuM not detect a reefucing action on bartrna re'tilt- 
mg in the Itl>crat)nn of free ioifine. 

Bromine. Bromme and Its compound* have not f^-cn ti*eil to 
any extent in di^infcctioa. Tl.c compound has m-arknl afTnity 
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for living tissue ond has been shown to be quite bactericidal. It 
was once proposed that a 5 per cent solution of bromine in chloro- 
form or carbon tetrachloride might replace tincture of iodine as a 
skin disinfectant. Bromine has also been recommended as a 
deodorant. Whatever bactericidal properties it may possess are 
counterbalanced by its present higli cost. The few experiments 
which have been carried out with bromine as a swimming-pool 
disinfectant have indicated that, weight for weight, it is Just as 
efficient as chlorine and no more objectionable to the eye and 
tongue. Bromine has been too c.vpensive in the past for Tride 
use in disinfection. 

11. PHENOLIC GROUP OP COMPOUNDS 

Few compounds arc more useful in disinfection than those 
of the phenolic group when all the characteristics of a good dis- 
infectant arc considered. Tlicy ore relatively cheap and ver>* 
active. However, many of them possess pronounced odors which 
are objectionable to some persons. Tlie phenolic group of dis- 
infectants includes the so-called “coal-tar” compounds which arc 
prepared by the destructive distillation of coal and wood. 

Phenol (Carbolic Acid). As stated in the chapter on the 
history of bacteriology, phenol or carbolic acid was permanently 
established in surgery by Lister. Phenol is usually used in a 5 
per cent solution although it may be diluted a little more if a 
5 per cent solution is too strong. Pure carbolic acid is solid at 
ordinary temperatures. On account of this, pharmacists dilute 
it (9 parts of pure phenol to 1 part of water) to make Phenol 
Liqucfactum, U.S.P. Dorset recorded the advantage as follows: 

1. It 13 reasonably effective for dc3tro>ing non-spore-bearing baefena. 

2. Its action is only slightly jnlcrfcrcd with by albuminous substances. 

3. It does not destroy metals or fabrics in a 5 per cent solution. 

4. It IS readily available at all pharmacies. 

The following disadvantages may be mentioned: 

1. It cannot be depended on to destroy the spores of such bacteria as 
anthrax and malignant edema. 

2 . It is expensive. 

3. The odor is offensive to some people. 

Phenol today is relatively unimportant in disinfection. It is 
caustic and irritant and when applied to open wounds may cause 
gangrene. It has been largely replaced by other substances. 
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Another form of carbolic acid is also available under the name 
"crude carbolic acid.” 

The Cresols (Methylphenols). Crcsols are nicthylphenols. 
Three arc possible, depending on the location of the — CIIj and 
—OH groups in the molecule Crcsol on the market is a mixture 
of these three analogues. Many of them contain impurities which 
do not greatly impair their dismfecting properties. Most of the 
commercial crcsols arc guaranteed as to strength For general 
disinfection a 2 per cent solution is used Crcsols arc not soluble 
in t\atcr. They have been treated to make them yield homo- 
geneous solutions. 

Lysol. Crcsols give milky tmulsions in water. They have 
been modified to make them solulik* and are sold under different 
names. Tlic best known u I.>s-ol, which is prepared by saponi- 
fying crude crcsols witli linsctd oil m the presence of alcohol. 
This gives a mixture witli M»apy cliaractcri«tic3. Lysol is clTicicnt 
in 2 per cent solution Ltquor crcsoluf compositus, U.S.P., and 
crcolin are other crcsul disinfectants like Ly»ok 

The advantages of Lysol as stated by Dorset arc: 


1. A 2 per cent Mlution of ck-oI u m cjricicnl cent eolutloa of 

carbolic aeid. 

2. It is not interfered with \>y alUmninous #uK«taDe«. 

3. It u cheaper llun carbolic ecid _ 

4. It docs not destroy metals or tabne m » 2 per eent selutioa. 

5 It Is more cfTcclis e than carbolic acid for dealro) me spores of baeteni, 
sufh n.s those of Ihicilltu anlhractt 


The action nt orcHil, a- .IWntcclant^ na- tludicl by Cooper 
(1912) who found tliat llic inlro«luction of the methyl ns well as 
ll.e nilro greup mcrea-ecl the bactcric.lal anil prelcm-penetralms 
poner. ol phenol, nl.crcaa the .ntn.luetion ot an l.yJn.eyl group 
decreased 11, esc properl, c Solution, ot phene m n eohol n,,.! 
in (at l,ad no hacter,cnl.',l action on rpon- and d,d not penetrate 
rolntioas of g.-lat,n. Tl.e precipitating action o phenol aas 
increased l,y adding acids Cm,, nr .KnaUd out lha seleehve 
action ot phenol on d.llerenl haelena eonneeted a ,tl, different 
lu.eeptihllitiia of proteins to its precipitating action. Adsorp. 
ticn ot pi, 1 hy hseteria i. only the beginning ot dismtee ion. 

J uvmii u; nclion of thr rrs-olj need not be 

Tlie rea e„danat,oa. or „„ 

revieaeil in a h.„k of ..i.sen-ol. If the 

mixtures of Uic three’, ortno , m i 
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disinfecting value of the three cresols varies, as was reported 
by Cooper, the disinfecting value of any mixture TvouJd depend 
on the concentration of the three components. 

Thymol. This is isopropylmethylphenol; although it appears 
in many compounded products w'hich are supposed to possess 
germicidal properties, most of them arc weak in their action on 
bacteria. It is especially common in dentifrice preparations. 

ra. METALS AND SALTS OP HEAVY METALS 

Metals and their salts have received considerable study as 
agents for destruction of bacteria. Lusini (1912) pointed out 
with regard to the cations that, although disinfecting property is 
not a function of atomic weight, heavy metals exert the greatest 
action With a few exceptions, disinfecting action increases with 
chemical affinity of combined elements. The alkali group is less 
active than the alkaline-earth groups. The latter group does not 
agree with the generalizations previously mentioned, since its 
disinfecting power is in in\'erse ratio to atomic weight. Among 
the other elements of the periodic system iron has a lower activity 
corresponding to its lower atomic weight; tin has a higher and 
lead a still higher activity. This has been confirmed, in general, 
by other investigators. Bitter (1912) found that the following 
metals exerted an antagonistic action in the order given: Copper, 
brass, silver, gold, platinum, lead, cast iron, steel, aluminum, 
nickel, zinc, and tin. The action was found to bo the same for 
both corroded and polished metal. Such data are interesting 
when it is recalled that some of these metals are used for mouth- 
pieces on drinking fountains, Under such conditions, however, 
it is very doubtful whether germicidal properties would be sho'nn. 

Interest in the metals as disinfectants probably started wi 
work by Niigeli, who referred to their activity as oligodynai^^^ 
action. This interest has been revived again in a process known 
as the "Katadyn process” for sterilizing various materials sue 
as fruit juices. .. 

Soluble salts of some of the hea^'y metals exert destruc n 
action on bacterial protoplasm. In water solutions the> 
and the metallic ion reacts with the protoplasm of the ce 
this manner salts are formed with the metallic ion ^ ^ 

teins. These are spoken of as mercury proteinates, si %er p 
teinates, copper proteinates. 
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Mercuric Salts. Mercuric cklortdc. Mercuric chloride (HgCl,) 
has long been used in disinfection. It docs not fulfill nil require- 
ments of a good disinfectant but docs fulfill several of the more 
important ones It is vcr>' poisonous to higher nnimnis and reacts 
readily with metals used m containers The toxicity for higher 
animals requires that it be used in verj' dilute solutions in dis- 
infection. Its affinity for proteins has cau.«cd its introduction for 
other purposes. It is used for preser%'ation of roological speci- 
mens. Cases of poisoning in human beings are treated with egg 
v\hitc because of the affinity which mercuric chloride shows for 
this material. Solutions of different strengths arc used in dis- 
infection work. A solution of 1 to 10(X) for use in the presence of 
organic matter is sufficient ^^c^cu^c chloride is soluble in 16 
parts of water. 

McrcurochromC’SSO This is a complex chemical compound 
known as dibromoo\5'mercur>* fluorescein which has been intro- 
duced into preventive medicine as a disinfectant. It has been 
especially proposed as a skin di«infectanl to replace iodine. It 
has characteristics winch make it more desirable than iodine in 
that it is not ns caustic, and its u«c. therefore, is not attended with 
so much pain. It has al-o been u-ed a« an internal disinfectant in 
urinary and systemic infection^ It seem'* to have marked action 
on the pyogenic iTUcroorgnni«m« It has one disadvantage of 
pos«c«smg a deep red color which stain* tlie skin. Tlie mami- 
facturers suggest tin* a? an advantage since one can tell more 
quickly the actual surface which lia« licrn diemfccted Re«ults 
of investigations hy several inveMigatora indicate quite clearly 
that incrcuroohromc i* a relatively weak antiecptic. Its u«c is 
apparently limited to certain infection*. 

Zinc Salts. Zinc salt* arc feeble anti«cptic« They are men- 
tioned here only to emphasize that fact Pome of them like zinc 
chloride appear in widely aiJvcrti-r*! ckntifrier*. the activity of 
which ns di«infertants has liof n explained v*n the ha*i* of the zinc 
chloriiie content Ponic of the printed st.atumnts accompanying 
tli(*e pri pnr.alions are vtr>* mi«leading and may rr«uli in n''glcci 
of npprovnj mrtho'l< Laljoratora* fxix'nmcnt* have, in some 
ra«e«, shown that such prcp.aration* arc devonl of action on bac- 
teria .MfClmtic (lPn.*»> found that /.'scAf nrAi/i roh w.a* ro* 
killcfl after «'ne hour's rtpo*ure to a |ht rent ••diition of zinc 
chlornle and that ii rvquirrd 10 minutv- for a 2.1 f'^r rent •'»hition 
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to kill the same microorganism. Spores of Bacillus subtilis and 
Bacillus anthracis were found to resist 100 per cent and 50 per 
cent solutions 30 and 40 days, respectively.* Despite the inac- 
tivity of such strong solutions, preparations containing very small 
amounts of zinc chloride have been recommended to the public 
as active disinfectants. 

Silver Salts. Silver precipitates proteins from solutions as 
insoluble silver proteinates. It probably acts in the same manner 
on bacterial protoplasm. Biassoti (1910) reported that colloidal 
silver electrically prepared would in a few hours kill Staphylococ- 
cus aureus, Eberthella typhosa and Corynebacterium diphtheriae. 
The silver probably combines with protoplasm in some manner 
since Gram-positive bacteria are made Gram-negative. Simpson 
and Hewlett (1914) experimented with colloidal silver in the form 
of "collosols” and found them to be active disinfectants against 
Eberthella typhosa. Collosols were said to be nonpoisonous, slow 
of action, and very expensive. Silver is also combined with a 
number of other materials which are used as disinfectants. 
Argyrol, a silver salt of vitellin, is used in concentrations of 1 to 
4 per 1000 for disinfection of some of the mucous membranes. 
Protargol is another silver-protein compound. Albargin is^ a 
silver salt of galactose. It is used to treat certain venereal^ dis- 
eases. It contains 10 to 15 per cent of silver. Argcntamin, a 
10 per cent solution of silver nitrate in 10 per cent ethylene- 
diamine has been used for the treatment of gonorrheal infections. 
It is usually diluted to about 1 part in 300 parts of water. Argen- 
tose is a silver compound of nuclcoprotein and is used much as 
silver nitrate is used. Argonin, a silver caseinate, is used in 3 
per cent solution for treatment of gonorrhea and ophthalmia 
neonatorum (eye infections in infants newly born). 

Silver Nitrate, AgNO,. This silver salt has marked affinity 
for proteins as indicated by darkening effect on the skin. is 
not quite so active as mercuric chloride but does not react ivi 
extraneous proteins as does the latter. It is quite caustic an 
in solution of 0.1 to 1.0 per cent is used as an eye disinfectan 
prevent congenital blindness in infants. * j . ns 

Copper Salts. Copper salts are less widely used o 
disinfectants than formerly. Other substances have been e 
oped which are not only cheaper but also considera y 

* See J. Am. Med. Assoc , 73 (1919), 13S)-1. 
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active. Copper salts arc used, however, as algicides for the 
treatment of water supplies. No ffeneraj statement can he made 
about the amount of copper which mu't be used, because manj' 
different factors, such as species of algae to be destroyed, hard- 
ness of the water, and temperature, are involved These amounts, 
according to Kcllcrmaon and Moore, varj’ from 1 p.irt of copper 
sulfate in 100,000 for tiie species in the genera Bcggiatoa, Pan- 
dorina, and Eudorina, to 1 in 25,000,000 for species of Spirog>Tn, 
1 in 20,000,000 for L’roglena, and 1 m I.*), 000, 000 for Navicula. 

Concentrations of about 1 part of copfior sulfate m 40,000 p.ir(s 
of water were found to kill intestinal bacteria in water Another 
investigator reported that 1 part in 1000 parts of water was 
required. Copper sulfate is not used today for practical water 
disinfection and would not be u-cd until sufiicent work had 
been done to prove tliat water so treated would not be harmful. 
Federal food-control ofiiciaU arc making great efforts to rid food 
products of metals of all kinds. 

Calcium Salts. Witli the eveeption of calcium hypochlorite, 
which has been discussed previously, nn<l lime, to be <h«cu»scd now, 
calcium salts do not hold an important place among ili«mfcctnnts. 

Calaum Ondc. This is known as quick lime and is vor>’ 
caustic in the presence of organic matter It may be uecd in tv\o 
form«, as slaked lime or milk of lime Sl.ake(l lime is prepared 
by adding a pint, or pound, of water to 2 pountis of lime. The 
reaction proceeds as follows: 

CaO 4- IIjO - CafOIDj 

Tliis will rc.acl with carlion dioxide to form calcium carlwnate 
according to the following equation: 

Ca(OII )3 + COj - CnCOj -f H.-O 

Milk of lime i^ a thick mixture containing four to fix partf of 
slaked hfiic It reacts « ith carbon ilmxnh* to form the c.srl)onntc 
as docs slaked lime. Therefore, these mixture* f.VouJd bo ii«rfl n« 
soon after preparation n« po*«ible. 

IV. MISCELLANEOUS COMPOUNDS 

Quite a few mi'cellanrou* chemical sub«tanfX'» are m 

practical di'infrctinn. fInJy a ftw of tho*'* rcinmonly by 
the l.iynnn nml I**’ ccn‘id«TT<l l.cir 
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Acids. Bactericidal action of acids varies with their degree 
of dissociation, although this docs not explain all observations. 
In general, strong acids such as hydrochloric and sulfuric are 
more germicidal than weak acids such as benzoic, acetic, and the 
lactic acids. The latter acids are known to be toxic to some 
microorganisms while in the molecular state. 

Disinfecting activity of acids is usually believed to be related 
to the degree of ionization. Other factors may be involved 
because acid dilutions with the same pH may not show the same 
activity. 

Alkalies. Some alkalies arc very destructive to microorganisms. 
Their activity is usually attributed to the OH ion. Therefore, 
the greater their dissociative ability, the greater their disinfecting 
ability is supposed to be. With some alkalies the other ion may 
be more toxic. 

Hydrogen Peroxide. This is an oxidizing disinfectant which 
is probably far loss valuable than many think. It must be used 
in e>xcessivc amounts if it is to be active. Peroxide is probably 
too reactive to be a safe reliable bactericide. It is quickly 
dissipated in the presence of organic matter. As a surface 
disinfectant it might have value, but it cannot be regarded as a 
penetrating disinfectant. Tlie layman believes that the more 
this substance foams when applied to a wound, the greater the 
disinfecting power. This visible action means that the hydrogen 
peroxide is being decomposed at the surface and that very little 
may reach the deeper recesses of a wound. Safer disinfectants 
than hj'drogen peroxide are available. 

Boric Acid. This is a very weak antiseptic which enjoys a 
reputation as an eye disinfectant. Experimental work with it 
has shown it to be practically without effect on bacteria. Even 
in saturated solution it does not destroy common bacteria a ter 
considerable time. The Bureau of Chemistry found it ^ 
the main constituent of a canning powder which was adve isc 
for use in home canned foods. This powder, containing o 
cent of boric acid, was practically without effect on bacteria, an 
its use miglit lead to neglect of other important steps in 
canning procedure. The fact that it was found to be . 

bacteria is the pertinent information here. Tanner an 
(1919) made a short study of boric acid in disinfection. 
results indicated that it is decidedly unreliable. Even m ^ 
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rated solutions, it did not kill common bacfcrra and man}- 
pathogenic typos. Where it is absolutely cssentjal to control tlic 
bacterial flora some other disinfectant should be used. 

Ethyl Alcohol. Comparison with other available compound-, 
indicates that ethyl alcohol is not active on bacteria Whate^^r 
action it may possess may be attributed to dehydration Other 
homologuca have also been studicil, and in the alcohol senes there 
is CNcellont opportunity for studying the influence of molecular 
configuration on disinfecting power The greatest activity of 
ethyl alcohol is secured in strengths of between 50 and 70 per 
cent. These concentrations contain guffieiont «ater for the coagu- 
lation of tlic protein. Beyer (19121 found that concentrations 
of alcohol under GO per cent and oxer 80 per rent were practically 
xvorthlc«s as disinfectants. Frey (1912) found that treatment 
w*ith various concentrations of ale<»ho1 influenced the swelling 
and solubility of protein in xvatcr Diluted to 10 per cent, alcohol, 
di«?olvcd a little of the protein, alnix-e 20 per cent, solution of the 
protein stopped, an<l swelling dccrca«cd, aboxe 00 per cent, the 
protein dis>oIx'c»l Tlie greatest action of alroliol on protein is 
at 50 to CO per cent, and the grcati-^t <iieinfccting i>ower is 
70 per cent. Frey explains the usc of alcohol as n di-infect- 
ant in the irrcxcrsibility of the coapilation of the protein 
after treatment in alcohol. This t* probablx only part of the 
explanation. 

Glycerol. Ro«cnnii found that a 50 i»cr cent solution of glycerol 
would rc«trnin all bacterial growth and that lower percentagi- 
xvDuld allow- better growth. Bacteria x\ould not prow m mcilia 
containing 32 per cent of glyccnd, but nujld-* grtw in strong'-r 
solutions of -10 and 49 per cent Glycerol xxax founil to h.ax'c 
distinct but slight pernncid.a! netion and pmliahly acted by 
abstracting water from the bacirnal cell Sp»irc^ wire riot hilled, 
and anthrax spores lived 2(X) da}' in strong glyctn’l sututions. 
Tlic roj))j>i)und m.ay be u*ed o' finxl by nuiny Inctrria It i< 
then pmbably otidized t« plyrenc aldehvde and plx ceric acnl 
Glycerol m.ay be u>c«f. himcxcr. n« a c.-irncr for riwny other 
disinfectant’' .*urh a* phenol and cre-ol 

Dyes as Disinfectants. DxrMufls baxr long been knnnn to 
dc^trtjy Inctcrix Koch wn« one of (be fir*i I" rtiv.ri of 

study of llu^e sulotanre* Churchman U9l2i publi.h.d n*!!!:* 
of lnten-«ting cxp.nm'iil- with pnti-»n xiiibU lie riiv.rtnl ih.n 
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in dilutions of 1 to 100.000. when added to media, it would 
inhibit the dcTolopnicnt of certain bacteria. Gram-negative bac- 
teria grew fairly ivell on the gentian-violet media, whereas 
eonetally the Gram-positive would not. hialacliite green and 
brilliant green are among the most toxic dyes. The great possi- 
bility for changes in molecuiar constitution give the dyes great 
interest in disinfection. 


Gheraottierapy. CbemoUicrapy is that division of medicine 
concerned witj> treatment of diseases with chcmicsl compounds 
It is fargoiy a result of synthetic chemistry in which structure of 
molecufcs may be altered bd as to increase their activities in cer- 
tain directions. This field of knowledge was probably founded 
by Ehrlichj who synthesized many compounds which he hoped 
could be used for cure of diseases. A few may be mentioned. 

>Soft/ars<in. This is dtoxydiammoarsenobenzene and is often 
spoken of as “606”; it contains trivalcnt arsenic and is one ol Ihe 
so-called “arscnicals.” It has had its greatest use in treatment 
of syphilis. Ncosalvarsan, discovered later by Ehrlich, has been 
more widely used. 

Sulfa Drugs. These are relatively new additions to the drugs 
used in chemotherapy. The first to be synthesized was sulfa- 
nilamide, to be followed by the sulfonamides. Among the latter 
are sulfapyridmc, sul/athiazolc, suifadiazine, and suUasuxidine. 


These compounds have been shown to be very efiective against 
bacterial pneumonia, streptococcus infections, dysentery, and 
meningitis They hav'c superceded the use of sera in many of 
these infections. Sulfa drugs may be synthesized in a short time, 
but It takes months to prepare sera. Just how sulfa drugs 
act may not be known. Some have s^aid that they starve Ihe 
bacteria and devitalize them. In this condition bacteria arc 
susceptible to destruction by agents in the bodies of infected 
individuals Another explanation is ibat they interfere wi n 
availability and utiluation of fiome of the vitamins (particu ar } 
p-aminofaenzoic acid) which are necessary for normal we - 
of bactmo. However they may act, they are believed no 
destroy bacterial cells but merely to stun them. Such agen 
wot disinfectants but bactcriostats. 

The good which sulfa drugs has done can scarcely “J .j.' 
Such diseases and infections as meninsitis, ’’“'‘I™ j„vc 
and streptococcus septicemia whjeh were once high y 
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been greatly reduced in Ecverity, and many lives have been saved. 
In addition, the cost of illness has been greatly reduced because 
sulfa drugs arc much cheaper than antisera. Sulfa drug* arc 
not especially active against Gram-positUc bacteria, including 
staphylococci, but penicillin is. 

PcniciUin. This is probably the newest drug to be used widely 
in clicmothcrapy. It is produced by a mold Pcnictllitnn notatum. 
The chemical nature* of the several penicillins ha.i not been 
elucidated though much progress has lieen made. I’cnicillin is 
one of several "antibiotics" which arc now known to inhibit 
certain bacteria. It was discovered b yjlcming in Tonilon during 
investigations of staphylococci as cau«c3 of disca«c. A Petri* 
dish culture of Staphylococcus liecatnc contaminated with a 
mold colony. Study revealed the staphylococci to l>e di®«olvcd 
and destroyed about the mold colony, nils suggested that some 
fuh‘‘tancc linrmful to (lie liactcria was being cxcrcteil by the mold. 
Fleming* ga^c the name penicillin to this fiub«tanee which is now 
being proilucrd in largo quantities in the Uniteil State*. 

It is standardized in O.\for<l unit*, in honor of the lahoratoiy in 
which much of the pioneer re«earch was done. The Oxford unit 
was once defined ns the amount of |>enicillin whielt when tli‘«olvetl 
in W) nuihlitcrs of ineat*cMrftcl broth )U'l inhibit* completely the 
grnwtli of the le«t strain of StapHylococais nurtut. Another 
^tanllard was employed, in conjunction with the rylintlcr*pl.atc 
n«»ay method, one Oxford unit liring the amount of penicillin 
pnxliicing a 2t*millimrter z one of inhibition of tlie lr*t strain of 
.''/op^jI/lofomM ourew* Aii International Stanrlard’ h.i* now 
l>ern agreed on by repre*rnf.ativt« from several nation*, one 
Oxford unit being equivalent to 00 microgram (OOOOO mg) of 
cr>’*ta!line penicillin fi. Thi* i* a tnurh more satisfactory defini* 
tmn. Py raleulatinn il may Ik? seen readily that 1 milligram of 
jv niciUin C» t* equivalent to 1007 Oxford unit*. 

Four fonn* of penicillin* arc now recognirefl; they are termed 
IKnicjIlin F, O, X, and K by Amenean workers. According to 

»n^n-s**n* fif Iti fg:-9 

«.\r.liS.»'!rfj»l rrmltn. TArw T-r .Vrv*, 31 fI9l3). 

U75-ai. IK*. »Uo23 (r‘io,7:r7 

e JU-**'— “-f “. Ill f *5 ft l* I* C<" r*5 i, Fnr^trt 

101 flt»lS). <;-3 i^ts 

•p. 11 r-j'.’I. S-ir— ♦•, CAfn t’T .Vet-., «l 
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British tcrminologj' they are I, JJ, JIJ, and IV, Each type of 
pcnicJilin may have its advantages for certain infections. 

Penicillin is used and administered in different ways, depending 
largely on the ilitcasc being treated. It is given by intramus- 
cular, intravenous, intrathecal, and subcutaneous injection, orally 
when ncconipanic<l by n suitable carrier such as oils, or by external 
application. Slow regular administration is favored because a 
continuous excess of the antibiotic is desired in tlic blood. 

Penicillin is available today ns the impure salt. One milligram 
of such a salt <lis.«olvcd in 5,000,000 milligrams of water has been 
reported by one authority to just inhibit growth of Slaphijlococcus 
aureus," more concentrated preparations are effective in dilutions 
of 1 to 80,000,000. 


The sulfa drugs and penicillin are powerful weapons for fighting 
disease. Each pos>e?ses special merits. WJicrcas penicillin gives 
rise (0 no complicating to.xiciiics, many people arc quite sensitive 
to the sulfa compounds and develop ficrlotl^ reactions. Penicillin 
ts useful w an increasing nanilxr of bactcriiil diseases. A fen’ 
diseases caused by Gram-negative bacteria which were once 
believed to be refractory to })cnicjllin arc now yielding to its use. 
Anthrax ts a recent addition to this group. Future progress with 
penicillin will concern lower cost, greater purification, and per- 
haps chemical synthesis and production of the different types for 
use where advantageous. 

Germicidal Action of Soap. As a sanitary agent, soap may 
function in two ways. It acts as a detergent in the removal of 
visible dirt owing to its low surface tension, and it may aho 
function ns a more or less active disinfectant. Although soap 
solutions arc inimical to certain bacteria, other species of bactena 
have been found to be quite resistant to its action. The ^ 

of soap in this respect lias been shown to be greatly enhance y 
high temperatures whicii gives a firm foundation for the sanitarj 
value of hot water and soap suds as a cleansing agent. Of course, 
results of investigations on germicidal action of soap® depen on 
the kind of soap used in c.xpcrimcnts, conditions ® ^ ' 

species of bacteria used, strength of the soap solution, and chem- 


ical constitution of the soap. :.^nnr. 

Detergent action of soap is of considerable ff^darj P 
tnnee, because it may remove bacteria with the dirt a . 
i>“Ccrmicj(iat'’ Soaps, /. Am Med. Ass^c., 
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it cleans the skin. Clean skin has been shown to be distinctly 
germicidal for many species of bacteria. 

Germicidal action of soaps vanes greatly. Those prcp.arcd 
even from pure fatty acids exhibit great variation. There i-i 
apparently no difference in the action of sodium and pota'-iuni 
soap-j, but the eontent of saturated and unsaturated fatty acids 
is important with some species of bactena 

In order to increase the destructive action of soap on micro- 
organisms, "germicidal" soaps ha\c been prepared by addition of 
chemical substances whicb arc known to possess germicidal prop- 
erties when u^cd alone. This has liecn done to make soaps 
germicidal to a w idcr range of microorg.ani«m« and in higher dilu- 
tions. Among all of the chemical fuh«tanc('s which have been 
attempted, mercuric io{lide, first proposed in 1897 appears to be 
the mo^l elTectivc, as shown by results of several investigator-*. 
Ordinary "nictlicatcd” soaps are probably worthlc>s as agent*- 
for destruction of microorganism*. If a detergent and clisin- 
fcctnnt arc needed, sound praeliec would suggest that they lie 
u«ul separately, the detergent first, to remove dirt which might 
dis-<ipatu the di-infcctant, and then a di-'infrefant which dt)e< not 
harm the skin or ti*«ue. 

Standardization o( Disinfectants. Since it i* de«irahle to know 
the relative dioinfecting ^nluc of ihfTerenl ‘ulxtances and agent**, 
methods for determining uml t\prc«"!ing the-‘c %nlue-< wouM Iv 
lielpful. For this puri><»‘-e xariou* inetho<l* have Ixtn pn)po--nl, 
only one or two of which mrd lx* mcntionni 

/Virnol Coej?irifnt. Ddemunation of their "phenol ef>eni- 
cicnts” i* an attempt to rate variou* diMnfertnnt- mmierically. 
A* the name milieate-*, phiiiol or rarln'llc netil i* the di-'infect.ant 
ii«cil a* the stnndanl Since some particular liaetenum tmi*t lx* 
u-ii-if, I.’l‘rrthrlla nn«i <\tn a p.artictdnr stmin. ha* been 

adopt* il a* the standard t'-*t organism The arlmiy of pun 
fthdiol on n purr eullun* of Ki>frlhrUn /ypf.o'o i* ri'jn|nni! under 
idrntif.nl condition* and at llie same time nilh the aetix jty of the 
ronijx'und unil*r mve*tignlnm on /.’hrrff.flhi Tie 

aetii'n of phenn] on V.hrrthtlUx tujhofit Ixroim*. ihiti, the nu ad- 
oring stirk wliirli i« u*f<! on the unkn'»wn romjx'Un-l Tit** p! m-d 
roefT.nrnt of phenol i* I, 12. nn-l trierr- >1 2 02 IT.r ct-m- 

piri*nn »• U'tnlly tmde Ix-th in pri**nrc ar.<l ai-'nce of i 
matter. 
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Although phenol cocWcicnts were favorably considered when 
they were first proposed, they are not so popular among disinfec- 
tion specialists today, because they may yield ambiguous informa- 
tion about disinfecting value of a compound. For instance, a 
dentifrice a few years ago was advertised as having a phenol coeffi- 
cient of over 6 which would suggest that it was six times as power- 
ful as phenol. This was not the case. Another difficulty is that 
disinfectants vary greatly in activity with the conditions under 
whicli they are used. A high “phenol cocfScient” under one set 
of conditions would probably not hold for another set. Other 
reasons also argue against ‘'phenol coefficients." They may be 
left for those who proceed further with laboratory bacteriology. 
The United States Food and Drug Administration, empowered 
under the Food, Drug, and Cosmetic Act of 1038 to determine 
accuracy of claims of bactericidal and antiseptic properties for 
preparations shipped in in- 
terstate commerce, has 
modified the older methods 
for determining phenol co- 
efficients and also dewl- 
oped new methods. 

Agar Cup‘Plate Method 
Cup plates are prepared by 
pouring a sterile Petri dish 
with agar medium heavily 
inoculated with Stophylo* 
coccus aureus, or any other 
organism Ti'hich is desired. 
Before it is hardened, a 
round object such as a cork 
or glass disk, previously 
sterilized, is placed in the 
center of the dish- After 
the inoculated medium has 
hardened, this is csrefullj 
removed : a cup is thus formed in the medium into which the com 
pound under investigation can be poured. Antiseptic proper le 
are shown by a clear zone about the cup, width of ^mc 

some information conccrnmgtheexfwitofthescproperties. i 

method has been superseded by the cylinder-plate me o s 



Fio. 87. Agar Cup-PIatc Method Show- 
ing Antiseptic properties. DeSoite in- 
hibition zone surrounded by a stimulation 
zone and a secondary zone of partial in- 
hibition. (After RuehU, J9$i) 
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which the compound under investigation is dispensed into a small 
glass or metal cylinder resting on the agar. 

Terminal Disinfection (Fumigation). It has been the custom 
to “fumigate” after an infectious disease. Different agents have 
been used, one or two of which arc discussed here briefly. 

Formaldehyde Tins is available on the market as formalin, 
a 40 per cent solution of formaldcliydc in water. When this is 
diluted to make a 5 per cent solution of formalin in water it may 
be directly apjdicd to materials,. For fumigation, however, it is 
generally prepared in tlic gaseous state. We arc concerned here 
with the methods. Dorset gave tlic advantages and disadvantages 
as follows. 

1 It « one of the m«»t powerful germicides known 

2 Its action w not inlcrfercd with t>y aihummotis nilytaneeji 

3 It w not pot^onoiM 8n<l m8y therefore I>c used for dL<mfectms hn> and 
Brain without <le»tro>ins the«e for fowl p«iriK>«cc 

4 It u not injiirioiL' to d«licale fat>n<v. p.Mot, or metals. (Formalin 
eolutions will attack iron, but not other metab) 

Tlic disadvantages arc, briefly: 

1 The g\« h!i,« a rtfons tcruhnc)' to coadca*** jn cold wrsthcr and n not 
rcinlile M .1 d.,<infeclint when the air lenip*r8(nre it below 50T 

2 It ti reecMso' to tiRhilj all comptrtmenU which arc to I>e dia. 
jnfeeted with the gxf in order that penz-traljoa msy Jv* reeurryj and jj;i{ ihe 
rr<|uired concentration may be mainitined for a ciiTicienl I'ngth of time 

Forninhkhydc change- to paraformaldehyde by pnlymerirntinn 
when kept at roiun tcrnpirnturcs or lower. It unites en-ily 
with many siib'tanrcs, c«permlly the organic compound- For 
in«tanro, when mlded to gelatin it forms a comiwund which is 
in'-ohiblc in many of (he coiiiinon ir.ngenls Ftrmi attempted to 
steiire a pel.atm metluim lit !hi« way winch wouhl not mtlt at 
room tempt rntiirc. Formaldihyde may act m the sntne way 
on linrtt rial protein It m imjM»rtnnt to have plenty of mokture 
prr'fnt wlirn formaldchvilc is u«ed a« a di'infrctant Koch 
(IPOll n ported that n 0()5 prr cent solution of this compound 
would kill growing ym*l wlirn.as a Ofin'» jx-r rtnl solution would 
not ^m^c c.arlKin tliovidc wa« formed afttr the cill liad l>ecn 
killed the t> ini’C w-.ns not rfi'»lrnj nl 

Niil/ur Dionde. Tins p-vr, gtmratrd by the huming of ruUur, 
l« n f*tlile tli'infrctnnt. It h-a* hern »ltr.o«t mturly rTplsml by 

formildrhyile. 
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Now the real merits of fumigation as an objective method for 
preventing spread of disease should be appraised. Prominent 
sanitarian^ and students of the question arc about agreed that 
terminal disinfection is vithniit value. This statement may be 
verified by consulting such books ns Park's “Public Health and 
Hj'gicne," anti Roscnati’s “Preventive Medicine and Ilygicnc." 
The reasons for not retaining terminal disinfection ore: 

1 It lia.s %rry littlo cfTpct on the control of communicable dijoasp. In 
citir.« nJicre terminal di^mfcction or fumiftation has been abandoned, bo 
jnereve in coinmunicafife <Ii.«ra<-c has been ob-^rrsed. 

2 The metliod'* and flRents «'C«1 hue very littio action, if any, on patho- 

prnic micToori: Thr-e apenl.? of mieht i>c imbedded /n biU 

of orpanic matter and tlnw protected from the action of the pi.«eoua dis- 
infcdant I'.itbopenic bacteria tend to die rapidly .after discharge from 
the body 

3 It w much more important to destroy infective material throughout the 
course of the ih'«‘a«e than to refy on one attempt at the end, 

4 More netue attempts rhouhl be made to destroy infectious material 
than nre m.ide in methods of terminal dwo/ccjJon. A committee of the 
Amenean I’tiblic Kcjltli Avociation nhich prcparnl a report on 40 or fo 
common duca^ca di*cu<ic(l terminal slwnfection for cadi di‘oa«e In do 
one instance did thi-* committee compo>e(I of eminent sanitarians adsife 
terminal disinfection After each c.i«e of disea-’c. they recommended only 
ihorouQh cUanutg, dcfininff thw ptoccilure as » ecDcrota use of hot water 
and soap suds. 

5 Hctention of terminal disinfection m public health work may tend to 
prca’cnt the u-e of other procedures far more rchtble. The hniiaa may 
regard tornunjl disinfection ns dependable and thus fail to apply other 
procedures 

The suggestion to abandon terminal disinfection has caused 
considerable discussion. Those who have fought this proposal 
have argued that fumigation docs no harm and might do some 
good. They have suggested that the procedure be retained until 
a bettor one could be found. Such an argument cannot ade- 
quately support the continuation of terminal disinfection as no^ 
practiced. Cliapin, who was among the first to criticize fumiga- 
tion, believed that living and movdng human beings were more 
important m dissemination of pathogenic bacteria than mam 
mate objects. Consequently, conciirrcnf disinfection ^ 

throughout a case of communicable disease. This has een 
defined earlier in this chapter. . 

Sterilization of Seed. Since some plant diseases are Qjssem - 
nnted by spores of fungi which adhere to the seed, ngricu uris 





have found it desirable to treat the seed witli preparations to 
destroy the spores. The diseases of greatest interest are, smut 
(Ustilflgo), rii't (Urc<Io), and nuWen* (I’lirciniaj Althnupli 
'■'evcral preparations have been studied, copper sulfate, in onc- 
Iialf per cent solution baa liecn especially valuable The seed is 
soaked in tins solution 8 or 10 hours. If the seed i* to be sprinkled 
with the funRicidc, a 10 per cent solution is ncecssaiy. 'With this 
method the seeii mu«t be thorouglilj' stirred 
Insecticides. These arc apents winch kill in'ccfs They arc 
important for elimination of insects which dct-troy foods and 
which cause di*ea«es in man and other animal's. Added to many 
inscclicKles which have Wen u-cd for a bmp time is a new one, 
dichlorodiphcnyltrichoroetliane, called HDT, whicli bid* fair to 
revolutionize problems cau<ed by m<ccts. One investigator 
believes tliat this agent would be to preventive medicine what 
bi'lcr’s u«c of anli'cplics was to surgerj'. It ilcstroyu in-ccts 
sucli n« body bee an<I makes clothe^ iii'cct-frec for many days 
Although mucli experimental work will be carried out, pre«ent 
information on the value of this compmind m preventive medicine 
and agriculture i* very encouraging 
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CHAPTER 13 

MUTUAL RELATIONSHIPS— MICROBIAL 
ASSOCIATIONS 

Much of the knowledge about bacteria and related micro- 
organisms has come from obsor\’ations on pure cultures under 
laboratory conditions which, of necessity, are artificial; nature 
does licr work wjth mixed cultures of not oniy microorgawsins 
but also higher forms of life. Results of infection of animals 
with microorganisms arc usually attributed to one species whether 
this organism is the only one present or not. Infections of the 
blood stream, for instance, are probably purer than infections of 
the intestines or throat. 

Co-operations and antagonisms arc just as common among 
microorganisms as among other forms. Some species favor devel- 
opment of cadi other, whereas others arc decidedly inimical. For 
these relationships varying terms ha\*e been used. Some of them 
are not clcar-cut and overlap with others. 

Symbiosis. This is an harmonious and reciprocally beneficial 
relationship between two microorganisms or groups. Usually 
we like to believe that both organisms or groups are benefited, 
each contributing something to the other or helping to create and 
maintain conditions which are beneficial to the other. There are 
many kinds of gradations of symbiosis, depending on the degree 
of concord. Symbiosis may also occur between others forms of 
life. It is not a terra restricted to bactcriologj’. Undoubtedly 
symbioses play an important role in nature’s scheme. Bacteri- 
ologists are quite likely to think about the activities of bacteria 
in terms of pure cultures because these are usually used in the 
laboratory They maj’ overlook the fact that the vital living 
nature about them is popuiated with all sorts of living creatures, 
so, also, the world of microorganisms is undoubtedly compose 
of just such a composite of forms. , 

Symbiosis between Bacteria. Several illustrations maj e 
offered Growth of anaerobic bacteria with aerobic bacteria is a 
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typical example. Aerobic baetena use up oxygen and thus create 
lavorablc conditions for development of the anaerobic bacteria, 
vrbich arc unable to grow m the presence of free oxygen. This 
association is, then, reciprocally beneficial to both groups. 

Another modification of symbiosis is the distinctly favorable 
stimulating effect which one organism may have on another 
Several investigators have noticed that a bacterium has grown 
much better \%bcn another was present as a contaminant. This 
has liccn obscr\‘cd with hemophilic bacteria and SfnphyfocofCTis 
niircua, and abo with other epccics. Schopfer has called this the 
“fiatcllite plicnomcnon” or finfcllitijm. Various suggestions have 
been offered to explain it Some think the effect is due to regular 
excretory products of the contaminant which could not be made 
by the stimulated orgam«m. Others believe that a vitamin or 
vUainin-liko substance is the real explanation. This idc.a has 
some support in results of recent investigations which show that 
certain vitamins greatly stimulate certain species of bacteria. 
This stimulating effect of one cell on another has aI«o been demon- 
strated by Itobcrtsnn who secured many more progeny in a 
hanging drop r\hcn two cells of a protoioan were prt«ent than 
vhen one cell was pro«cnt. He l»elicvc<l that tome substance nas 
secreted from one cell which helped another. 

5i/mbio*i* betvxcn HacUrta and Fhntf. Only the licst-knonn 
illustration need Ik; mentioned, the sjTubiolie fixation of atmos- 
pheric nitroge n It i« di«cu««cd more fully in n later chapter Thi« 
symbiosis i« visually cliaractcriied by formation of nodu!r« or 
tiihcrfles on the rotUlet^ of leguminous plant*. In thc«e no<lules 
ilcvelop certain bacteria which take nitrogen from tlie atmosphere 
and give it to the plant. In return for this nitrogen tiie plant 
give* the bacterium carliohydrates and other material* neceoary 
in its mct.alH>h»m 

5ymhiO!ii hrfu-fen /fflcfmo «nrf Aijiwnl-*. In the nhmrntnrj* 
tract* of animal* are coumic** numl>rrs of bacteria. Alliiougli 
may l>e there a* tramient inhabitant*, other*, 'ueh a« 
roll, take up pfrmar.»-nt aliode there Tlicy an* 
spoken «'T a* symluont* They probably help to bwak down 
complex ffMHl material and thus atd digr«tivp er.ryrnr* m prepsra. 
tion of (ivxl (or p.a*‘agT> tbrt'UFli the lnte*ti.ml wall* into the b!'*'-! 
to U* enrnril to the ffll* of the IkwIv. In ahmentary canal* of 
animat*, for jn*'.ar.re, te!luta«o i* r.*'t trerctfd, ard 
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tlio ftninmls nre unaf)li' to utilize the energy in celIulo«c. Cellu- 
Josc is known to be fermented by Iwctcrin in the nlimcntarj' tracts 
of aninmls In tlii'« case llic symbiosis is completed by the fact 
tlmt tijc nnimnl inaintnins n favorable place for the bacteria while 
the baetena may make foods more readily available to the ani- 
mal. Other beneficial effects have been suggested for c-vplaining 
the prcacncc of bacteria in nliinentar>' tracts of animals, but lack 
of space makes it iinpo«ihle to di-cuss them here. Xutritionists 
have verified earlier suggtv-tioiis that bacteria contribute vitamins 
to the animals. TJiis qllc^tion would bo a good one for the 
stvulcnt to out in tlie literature. Commen-sabsm is another 
mutual relationship uhich .clioiild probably be mentioned. Tliis 
relationship obtains when one organism lives on the waste 
products of another. 

S//ncrff/.m is another tenn for a modified symbiosis. Holman 
and Mcckison observed that gas might bo formed from sugars by 
tuo species of b.ncicria growing togetber when ncitlicr formed it 
alone. 


Antibiosis. Tlu« relationship is just the reverse of symbiosis. 
In this case an ant.-igoni.«ni e.vists between bacteria or groups of 
bacteria. It gives ua an explanation in p.irt, at least, of why 
bacteria, multiplying os r.apidly ns they do, do not drive other 
forms of life from the c.arth. Some b.acteria cannot get along well 
together, and the more hardy ones kill the others. Thi« is an 
illustration of the laiv of survival of the fittest. IIow may 
antibiosis be explained? In some cases one group of bacteria 
may form large amounts of acid. Other bacteria may form other 
products of metabolism which arc objectionable to bacteria life. 

Aniilfiosis bctu’ccn Bactena. The formation of acids, which 


has just been mentioned, explains the antagonism betn ten putre- 
factive bacteria in the inU^^tincs and organisms of the lactic acid 
group {Lactobacillus acidophilus) which are used to cure certain 
intestinal difficulties. Putrefactive bacteria cannot endure an 
acid environment. When lactic acid bacilli arc estab is e m 
the intestmo by proper diet and feeding of microorganisi^j 
putrefactive bacteria ivliich cause illness are driven ouh w - 
forming bacteria, together with the lactic acid contained m taeir 
cultures, have been advised for clearing of diphtheritic t • 
Lactic acid bacteria are believed to be antagomstie to the aip 


theria bacilli. 
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/ln/i6iosw between Protozoa and Parteria. Many protozoa 
feed on bacteria; tliis is, itnU-cd, the ment t\trcinc illustration ihat 
can be pivcn of one or^ani-m devnurinp another This fact is 
made U'-c of in purification of water by filtration; protozoa on the 
filters feed on the bacteria which are caught on the filter'^ Pro- 
tozoa arc al«o responsible for reduction in bacterial population in 
natural bodies of water in the summer 



y/r} sy. >h>i"ieig Ktchrtt t,‘rt>uiric oh I'Ltin .tear. 

Ndlr Uio rl-ar •rtm •t»'Ul u,r o>I"ni<'S «lnrr i}rt» (Tnwih pf tlip fijirr^iIinK 
n I'O \i nt«l. 

Definite Antibiotic Substances, .\ltboush evhirncc of nntago- 
ni*m« !n« bivn known b*r a bmp time aiiioup \.iriou« riurn*. of 
orpani'in* of iiit<n*t to inicn»biobvi‘t«, U i- imly rtr«TitIv lli.at 
iruc^tipator* ti'»M' d't«nniij*d «lnt »«nnr of tlie •ub-I.mrr* are. 
Variou* mint- )n^^ gmn t" ilmn Tioy nre cl.fnornl 

rub‘'t.’\tir<'« of (!■ finite r«':i{K»iti<'n and .are kimwn under the c n- 
cr.nl name of ".antib'otjf*/* or nntmner>dinl of b:o’r>ci« 

origin .\m''ti 2 imny wlucb bn\e Ui n rr;*->rt<il .an* tlic foll.nv m;;; 

/Vr-rlfin, T!o* .m’lbiotJC **l!*-ta;.. e wn* d«tM\crd py 
f'hf'in^ and d'Vrl'jwd fiv ff nj ft fiTM-.f to- t->ru'.'ttin 
r . 'iif ij I' . rf •c'j'*’ r prt'v;», and artise n“ u'.**. r.n'- 
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mon pathogenic bacteria but generally not against Gram-negative 
rods. It is very active against gonococci, staphylococci, strep- 
tococci, meningococci, certain pneumococci, and Treponema 
pallidtm, the spirochete which causes syphilis. Use of penicillin 
for treatment of many human infections has resulted in remark- 
able recoveries. It has failed in some. 

Actmomyexn. TJiis is formed by Actinomxjces antihioti’cus 
along with another substance called actinomycetin. These 
organisms are midway between bacteria and fungi. Acfinomycin 
is strongly inhibitory towards many Gram-positive bacteria and 
some fungi, sucli as Pentcillium. Bacteria vary widely in their 
sensitivity to this antibiotic. 



Fio S9 Showing Cylinders Used for EvaJu.nting the Potoncy of Pcniollin 
Preparations. {After Schmxdl and Moyer, 1944)- d, oblique view shoeing 
arrangement of cylintlers; li, perpendicular view showing various siaed lones 
of inhibition. TJio Petri thsbes contain agar mcdium-heavil/ jnnocuiate 
with Staphylococcus aureus. T^Tic cylindcw are placed on this medium an 
filled with penicillin solution. TTic width of the rone of inhibition of develop* 
mont of Staphylococcus aureus indicatis the strength of penJciIiin. 


Streptothnein. This antibiotic is formed by Achnomyces 
lavendulae which abounds m soil. Ifc was found to be quite 
inhibitory to Gram-negative bacteria. 

Streptomycin. Tliis antibiotic, discovered by Waksman and 
collaborators, is produced by Actinomyces gnseits. AUhoug i 
therapeutic potentialities have not been fully explore , i is o 
value in several diseases not effectively treated with pemci i 
It IS active against a variety of Gram-negative organisms. 
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lias been suggested to have \'aluc in tlic treatment of typhoid 
fever, brucellosis, tularemia, sulfanamide- and penicillin- resist- 
ant urinary-tract infections and perhaps tuberculosis. More 
clinical tests will be required to substantiate its cfTcctivcness. 

Ti/rothnctn. This ig an extract first isolated by Dubos from 
liacillm brcvi*, a Gram-positive aerobic spore-forming soil bac- 
terium. Tyrothricin shows antibacterial action against several 
Gram-po«itn’e b.aclcria. It apparently consists of two corn- 
ponenta, {/rnmiciWin and ttfrocidin. It has some action again«t 
stapliylococci, pneumococci, and streptococci It not only 
devitalizes the bacteria by interfering with mclabtdiem but also 
lyses tliem. Its luc as a tberapeulic agent is saiil to be fraught 
with danger. Ciin'oqucntly it should be ailministcrcd only by 
physician*. 

Pyocyanm. This is formed by a bacterium Pfcudoinonas 
pyocynnen which has fong been known for it.« harmful effect on 
other mieroorgani'in* Growth of tins bacterium is charnctcrizcd 
by a blue-green pigment ami clinracUristic odor. This antibiotic 
eub«tnnco ha* never been fouml to have any practical significance. 

Parasitism. Tins mutual relntton-lnp sliould n)»o be di<cu*''ed 
at this tune. The term, of Greek origin, literally means a rne-«- 
mate and originally ha<! no minim or contempt attached to it. 
The moaning ha* gradually sliiftcd until now it li.is a‘^*unnd 
somewhat the significance of n "hanger-on.” or one who ge(« Jd« 
living from another. In tin* sen'c it i- ii-id in biologj* and 
bntany Different degree* of p.ara*iti*m nre ix-cognizcd. Oh/i- 
pafe nre tlio-c which r.annol grow nw.ay from living 

liKue nr c.annfit be grown «*n lalKirntorj’ media, racultative 
parasite* arc llin»c which may !«• grown on Ialw>rntor>' meth.a. In 
rnntr.n'l with the tirm /winMirr i« the term mproyhyte. Tlie 
I.att<r term i* applied to an orgnin-m whirli can live on dc.ail 
organic nntt'r The t<nn par.i-itr i* a bro.ad gcncr.al term 
incluihng l"ith plant and nnitn.a| life wbirb <lwrll in or on another 
orcnni*in r.alltd the bo-t TJie tenn, Imwiver, bn* Urn m"nr>po- 
liritl •omewli.at bj the pri'?nnx»tivi»t" who u*e it for pam'itic 
nnmnl fi'rm* Morny lia« rc.nlrn«li.I tbe‘e tenn* a* follow* 
lie that ibo*'* b.act«na wl»*«e ft^Ml ron«i*tei! of de.a<l 

maternl.* iil.fr I’rganie or ini*rranic, are sp' hen id n« te* 

On the oth'f hand (bo-e Inctenn wj.o-e natiir.al Inbit-at, iirr- 
• ;xrtn< of if.jir fo-xj u m « r I'.i Jnug nrganj*.’;j*, 
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are spoken of as parasites. He called attention to the fact that 
these terms are often erroneously used as if they Tvere opposites. 
The term saprophyte has reference to food; the term parasite has 
reference to place of abode. 

Pathogenesis. This term comes from two Greek words {Pathos, 
suffering and gen, to give rise to or produce) and is now used in 
the general sense to indicate development of morbid or disease 
conditions. It might be looked on as parasitism w’here the para- 
site is more aggressive — does not simply secure its living from 
another living organism but, in addition, does harm to that 
organism. Tlie subject is discussed more fully in later chapters 
of this book. 

Metabiosis. This terra is applied to a situation which is mid- 
way between a strict symbiosis and a strict antibiosis. It may 
be thought of as a condition where only one organism is actively 
benefited, the other receiving only passive benefit. It might be 
looked on as half-hearted symbiosis. 

references 

Freeman, E M , In Praise of P.irasitism, Set. Monthly, 44 (1937), 67-76 
SciioPFER, H, Plants and Vitamins, Chron/ca Botani'ca Co, IV’ahhaaJ, 
Mass, 1013 



CHAPTER 14 

NUTRITION AND METABOLISM OF BACTERIA 

Nutrition of finglc-ccllcd microorganisms is a useful subject for 
study; the data found help, in many ca«cs, to elucidate the same 
problems for hiplicr organisms with which it is often difRcuIt to 
work. Iliglicr forms of life arc multicellular, and consequently 
tlicir mctaboli'in rests on more intricate factors In this chapter 
a broad view of metabolism will be assumed m order to intrixlucc 
the metabolic charactcrislics of lM)th plant** and animals. This 
will pile a Iwtter foundation for understandinp the rac(abtih«m 
of the unicellular microorpani«m« 

Amount of Food Required by Bacteria. This factor is quite 
variable It ilepcnds on dilTcrcnt con«lition<« ju«t a.* it does with 
hipher orpani®m« We need not lie concerne*! w ith detailed (li«cu«- 
‘‘ion of tliw question, but some profit will result from a ron«id- 
cration of the small amounts of food required hy microorpani«ms. 
Tlu« IS Ik**! appreciated by con»idormR sire or weight of an 
ordinary' hactcrinl cell and amount of solul m.atttr contained in 
it. Tlti« will strikingly ilJu’tmte foo*l and cnergj* reejuirement* 
of a cell. In a later paragraph Kendall’*! dat.a nn<I statements 
nhoiit Vibno comma are u«ed to show the p(!«<.iblc number of 
progeny from a cell Hi« data and statement* arc nl»n taken to 
determine how mueh f<'od n cell of lid* organi«m would require 
An average cell of Vihno comma i« nl>out 1 miernn (O(X)l milli- 
meter) in diaiiKtrr and 2 ii»trTx*n< <0002 millimeter) in length 
Sueh a cell would weigh almut 000000002 milligram*, if the 
•pccific gravity i« n««um««l to lie 1 Tin* nip.an* that l.OOO.OOf) of 
ilic cell* would weigh only 0002 milligram Tlun. if it i* a**mned 
tint 80 per rent of the InrOrnl r»ll i* wat* r, it i« rvi-hr.t tint in 
1 OOO.OfK) cell* there wntihl W only 00001 indligr.im, an extremely 
•mall amount, of •.ib'l matter Fmee tl.i« amount i« Inrdly 
n'rn«ur.'»ble, it »• ditT^cuH to comprehend the amount of s.did 
mattf r in n rell 

What Ii Food? For t’ e higher organi’iu* h**!!! tiny l»e definetj 
ft* nn'erixl whieb wlm taken into the Kvlv anti pvi^rly prr- 
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pared by the body j5ujds, is utilized for repair of old tissue, build- 
ing of new tissue, and generation of energy. This definition 
suffices also for bacteria, although we lack detailed information of 
mechanisms by which food is made available to single-celled 
bacteria. Their small size makes it difficult to determine some of 
these facts. 

Foods for Growth and Building Purposes. Foods are classified 
in many different ways, depending on the purpose of classification. 
Ordinarily they are classified as proteins, fats, and carbohydrates. 
They may also be classified on tlie basis of dialyzability. For our 
discussion they ore separated into two groups, jood Jor energy and 
food for growth. Such a separation is of course an arbitrary one. 
The proteins or nitrogenous compounds are generally offered as 
good examples of foods for growth and carbohydrates as foods 
for energy purposes. It would be wrong, of course, to assume 
that fragments of a carbohydrate molecule, broken up by fer- 
mentation, could not bo used for building and repair, or just as 
wrong to deny that decomposition of proteins yields no energy, 

Metabolism-^CataboIisffl and Anabolism. Metabolism is the 
broad term including catabolism and anabolism. The processes 
of metabohsm and nutrition are said to consist of conversion of 
food into body tissue and both food and body material into 
energy. It is then a change of potential energy into kinetic 
energy. 

Anabolism (Assimilation). This term covers synthetic or 
building processes in the cell. The reactions involved arc endo- 
thermic, requiring energy. The energy which is secured by 
fermentation is utilized for building purposes. Anabolism, of 
course, is the foundation of growth and repair of tissue. 

CatahoUsTn [Dissimilation). The processes involved In and 
included under the term catabolism are decompositions. They 
are sometimes spoken of as analytic reactions. As with other ce 
functions catabolism is best explained as an enzyme phenomen(^. 
Catabolism must not e.xceed anabolism, else the cell wil e 
destroyed. There may be times, however, when anabolism is 
reduced to a minimum and catabolism progresses more rap) y. 
This results in a wasting away of the cell. 

Digestion. Here are included those processes by whicn loou 
(in the alimentary tracts of animals) are reduced m 
and made able to pass through the walls into the cel . 
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the discussion of enryrncs (his tenn is explained more fully. The 
action of extracellular enzymes secreted by microoganjsms to 
make foods soluble might be looked on as digestion even though 
the preparatory changes do not take place m a digestive tube a*» 
they do m higlier animals. Food m the digestive tubes of higher 
animals is not in'*ule the body since the nlmicntarj’ canal is just 
a tube extending through tlie body. In the alimentary* tracts of 
animals, insoluble foods arc made soluble by means of hydrolyzing 
enzymes This change is quite analogous to the action of extra- 
cellular enzymes m bacterial metabolism. 

After hydrolysis m the aninml alimentary* tract, absorption 
must take place Products of hy«lroly«i-» must pa«s through the 
intestinal wall into the blood nliich carries them to the cells. 

Plant Metabolism. Metabolism of green plants is sharply set 
apart from that of nnim.als and fungi Green plants possess 
chlorophyll by means of aliich they are able to utilize cnergj* in 
sunlight and with it to btiilil up complex body constituents by 
means of a process called pAotosi/ntAcsia. This process is endo- 
thermic, meaning tliat energ>* is u«ed in putting togelJicr carbon 
dioxide, water, and nitrogen to make proteins and e.arliohydrales 
This enero* comc.s from sunlight. Wo miglit say that it is 
changed from kinetic to potential encrg>*, n.ach molecule of 
carboiiydrate, protein, or fat is then virtually a ftorehou«c of 
cnergj' for organi<ms ^hicJi cannot utilize sunlight but which 
must re-cirt to chemical cnerpy Intent m I.arge molecules. Tins 
subject IS fully treated m lM>oks on plant ph\ -lologj*. 

Animal Metabolism. Aniiinl** arc devoiil of chlorophyll ami 
tlartfore cannot rc-ort to sunlight for enerpj*. Tliey have to go 
to the slorili<iu*vs of cnergj* conotructed by plant- ami sicuri- 
It by <!(nim|Ki-ition of protein*. f.*it«, and r.arlHihyilrnlr- 
They rc«orl to chrmicTl dicoinjxi-ition*, and cnn«c<|ucnlly 
«c may sjr<-.ak of Ihi* inerpj* a* cAemicnl cnrrQ'j m contrn‘t 
s^ith solflf tnrrg]! u«oI !«y plants. In the ftnrl srn‘»*, then, 
at lr3<l for the pre-tnl di‘eu‘«ion, the ultimate source of rnrrgj* 

IS the sun. 

Bacterial Metabolism. Tlie difTerenre* wl.irli cure K-ruu-t! to 
set Inftrrnl niet.alxdi-m quite Apart from tm of plnrt* 

find aninnl* ln>e Ixeijme Ji«* nppirrt.i in nent \rir- For 
iri«!aner, it oner Iwljesrtl that bartenn xtfr unable to u*'* 
fohr enerry arid h.sd t«» rtly »t.tinly on rl'uur.sl ir.rfgj* In 
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recent years pigments referred to as bacteriochlorophyll have 
been shown to be present in certain bacteria. They seem to func- 
tion for the bacterial cell as chlorophyll docs in the cells of higher 
plants 

De.spite the fact that, ns has been stated previously, the single 
bacterial cell needs a very small amount of food, bacteria change 
large amounts into simpler substances. They must do this for 
they have great energy needs. The ratio of surface area to 
mass is much greater than in higher organisms. Consequently, 
great loss of heat and cnergj' maj' occur. As shown elsewhere 
bacteria leave much cnergj’ in incompletely o.xidizcd products. 
This makes it necessary for them to metabolize greater amounts 
of food. 

Autotrophic, Prototrophic, and Heferotrophic Bacteria. Mi- 
croorganisms may be divided into llirec groups, depending on the 
kind of compounds used as food. Autotrophic organisms use the 
element in the inorganic condition, 'prototrophic organisms use 
tlie uncombined element itself, and heterotrophic organisms use 
the element in organic form. Rvamination of known species 
reveals that most microorganisms arc lictcrotrophic with respect 
to each of the more common elements. Under the discussion of 
fixation of atmospheric nitrogen prototrophtc bacteria will be con- 
sidered. Autotrophic bacteria are those which 111*0 in inorganic 
media The autotropJiic bacteria are especially interesting 
because their metabolism is unique, Tlioy seem to be able to 
live on inorganic food. They have been thought to have been 
the first forms of life on earth, because available food at that time 
would have been inorganic. 

All gradations of complexity of nutrition c.vist among bacteria. 
Those capable of thriving on the simplest media have the most 
complex metabolic systems, for they Jiave the ability to synthesize 
the multitude of comple.x organic compounds comprising their 
structure and necessary to their well-being. And conversely, bac- 
teria most fastidious in growth requirements are those which ore 
unable to perform many of the sjTjthcses,' they rely on the pre- 
formed compounds contained in the medium. This latter group, 
of course, is the most difficult to cuUiv’atc in the labor^orj. 
Bacteria play an important role in natures scheme. 
function in keeping the elements moving through their cjces^ 
Bacteriologists are unconsciously prone to consider bacteria a 



MIXKHAL FOODS 


2(j9 

more important than otlicr forms uf lift*. This i'l w ronp, for e^ cry 
living creature has a part and is probably Ju^t as important a-* 
any other. 

Foods for Energy. Encrg>* requirements of bacteria arc inter- 
esting. The bacterial cell, taking Vibno comma (l/i x 2/i) as an 
example, %\ouhl have a «urface area of 0.00001 square millimeter. 
Since the specific gravity is about 1, the ratio of surface area to 
weight of bacteria is 2000 to 1 Kendall* stated that for ciim- 
pari'on a man 200 centimeters tall, weighing 75 kilograms, had 
a surface area of about 2 square meters. Then, the ratio of 
surface area to weight is much nearer unify in man than m 
bacteria Since cnergj' requirements of living organi'ins vary 
with the surface area, bacteria will require proportionately more 
encrg>' tlian man 

Erwin 1'. Smith di'ctiS'cd this question ns follows: 

Tin? rrvon the bi<'trritl rrSI sfcomploln « work oul of rmporlion to its 
fire u ju’t thw. tint ox' e'-n^atHOfhmR airfare i« enormoinh errnter in 
proportion to \oliinic of protoplwm tt.m ilul of anj oOirr known ornnyn 
Tlio Mirfa'^e of tlii- ro'l* in a <»iln<* ‘•rntirartrr of t'xrlrrul »urJi n,* «<* 
frcfiumllv obt.iin in « lr»t*Uil>c on our •olid nudn snd ii*>*rr\o in llic phni. 
rrprr»rni< nn ot>ii'‘n*sl<'tiflunc srrx «iml to Ihf nirfxrc of an ox. Indtol, 
wu miRlil ray tliit llic rtusil'yt b.xctrni arr almo’t all »urfarc. 

This he)/H to explain why Ixirttna arc so artne in fooij iJceom- 
position and in certain in<hi-trial fenmntation* such as ncitic 
and ferniintation and nettone butamd hnmntatn'n. 

Mineral Foods. In a forni'T par.agr.npli the weiglit of n «lng!e 
cell of a typical bartiniim w.t« miiipuled It wfi« fmmd to be 
Viry simll ^\lMn it w.i* |>ointid out tbit only l.> and 2 t) ju r 
C( at of tlu« wn' ‘olid 111 itur. tlu ficurr smiio d ‘till «mallrr 

There !• rMty rin-i>n h»r InlicMag tint the sime ileimnt- 
whirli are iKcr**.ar> for biglor form- of lif< .are lHr«*»:»ry for the 
bartrnn nml cloolj fiHtnl orgini*m« TJa-f' are c.'ilriuin, 
pot.T'iunj. pl.o»j'!inni«, nilfur, ningnr«njjn, imn, and tli'* bkr 
In c.srrMng out rxjwrmwnt* to dit»rtmne wlutli'r nrt.'vin <!<♦ 
tnrnt« nn in r« ♦•nrx’ <'r imt, it i* il}'’‘.ruU to i X'-lud* tnn • wl.trli 
mliu n to .-ippirntm or nrc in air Maltiini.'*. tl.i n, t<* t} r i |T< e; 
iKnt t}ir«i c- mp ■ It'd* are ii'd tuttbd •build nre«p;<'<i willi 
r> •< ri .Til -n Miti'nl f‘*-«"l« ar« oft*n •’ipjdi'd l<* Inri.ri-, m 

r, •• -I M.- pr. r I'-’ 
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what are called synthetic media. A better name might be 
mineral salt-sugar solution, in which sugar is offered as the source 
of carbon. 

Organic Foods. Most of the decompositions that have been 
discussed in this chapter are those of organic compounds. On this 
account we need not give much more attention to them. An 
interesting question in this connection is whether bacteria can 
live indefinitely away from organic matter and carry out their 
complete life cycles for indefinite generations in inorganic media. 
Answers to the question are influenced by a number of factors. 
We can enumerate several illustrations. The nitrate bacteria, 
those which oxidize nitrites to nitrates, arc believed to live with- 
out organic carbon; they are cultivated in a medium in which 
the only carbon is in the inorganic state as sodium carbonate. 
It is possible, however, that they secure organic carbon from the 
atmosphere. The same is probably true for the nitrite bacteria, 
those oxidizing ammonia or its compounds to nitrites. Vitamins 
are also in the class of organic foods. 

Water Requirements. IVater is necessary in the metabolism oi 
living organisms for a number of reasons. It cannot be consid- 
ered a food but does act as a conveyor of foods. It is necessary 
for conveyance of foods through the cell wall into the cell for 
the removal of the waste products of catabolism from the cell. 
The necessity for water has been considered in several other 
places also. 

Fermentation and Respiration. These terms apply to processes 
involved in energy transformations brought about by micro- 
organisms. They are, therefore, fundamental terms to which 
students could well give considerable thought. The terms have 
taken on a broad indefinite meaning which has apparent y 
changed during the years. 

Fermentation. This term is used by various workers wi 
various meanings and is better discussed and understood t an 
defined in a sliort statement. It comes from the Latin, pro a y 
ferveo meaning to boil because that was the most obvious c ai 
acteristic of a fermentation when the term was coined. arg 
amounts of carbon dioxide w'crc produced in such fermen a 
Since then the term fermentation has been applied to dccoroposi 
tions in which “boiling" does not occur. The products arc no 
completely oxidized. 
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Some of the early scientists said “fermentation is respiration 
without oxygen,” which is not true. They probably meant that 
it was not involved for these decompositions took place under 
what we now call anaerobic conditions. What was happening 
was that the organism (yeast) was using combined oxygen in the 
materials fermented instead of free atmospheric oxygen. No 
living organism can get along without oxygen in some form, 
either free (Oj) or combined as in nitrates, phosphates, or carbo- 
hydrates. Cells live by fermentation because they secure energy 
from it. 

The various definitions of the term “fermentation” which have 
been used need cause no worry. It is well, however, to know that 
they exist One bacteriologist tried to give the term a funda- 
mental definition that a fermentation was any intracellular 
process which furnished energy to the cell, Another defined 
the term as any decomposition in which microorganisms were 
involved. Still another defined it as any enzyme process. Bio- 
chemists have been prone to define it as decomposition of carbo- 
hydrates, reserving the term putrefaction for decomposition of 
nitrogeneous compounds. Industrial microbiologists apply the 
term today to various decompositions in which useful products 
are formed. The decomposition m question is known by the 
predominant product 

Respiration. In the early days of the science of bacteriology 
it was believed that free oxygen (atmospheric oxygen) was neces- 
sary for all forms of life. This was later shown to be too general 
a statement, and several terms were introduced into discussions 
of 'this subject to cover the different gradations and types of 
oxygen utilization. The terra respiration is used by plant physi- 
ologists to indicate the oxidation of reserve organic substances. 
It IS, then, quite similar to combustion. Oxidation of these 
materials in the plant yields energy just as its combustion outside 
of the animal body liberates heat (energy). Normal respiration, 
then, may be regarded as a process dependent on and involving 
the use of free oxygen It may be replaced by fermentation 
which also liberates energy. Respiration tends to result in 
completely oxidized products and therefore allows generation 
of more energy, since less is left in end products. The following 
equation might be taken to illustrate respiration: 

CeHizOo + 6O2 = 6H2O -1- 6CO2 + 674 kg -cal. 
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Respiratory quotients, the ratio of oxygen consumed to carbon 
dioxide formed, have been determined for some of the common 
bacteria. 

Aerobic Respiration. The term aerobic was introduced in 
1861 by Pasteur for describing those bacteria which could use 
free atmospheric oxygen or required it in their metabolism and 
multiplication. Because of plenty of available oxygen, aerobic 
respiration often results in complete combustion of food material. 
The equation given in the preceding paragraph is a good example. 
Products of aerobic respiration arc usually completely oxidized 
products, and the microorganisms have been able to drain the 
large molecule, such as glucose, of all of its energy, leaving 
fragments which arc inactive. 

Anaerobic Respiration.* This term was introduced by Pasteur 
to describe bacteria which did not require atmospheric oxygen in 
their life processes. Indeed the organism (Vibnon butyrique) not 
only could get along without free oxygen but also was poisoned 
by it. Such a statement coming at a time when every one 
believed that atmospheric oxygen was necessary caused much dis- 
cussion and argument. Pasteur found that free oxygen poisoned 
those colls and caused them to lose their motility. Consequently 
the evil effects of free oxygen were demonstrable from the examina- 
tion of a drop of a culture of this organism under the micro- 
scope. At the edge of the drop where oxygen diffused into it, 
the cells were nonmotile, but at the center they maintained 
active motility. Organisms which could not use free oxygen 
and a’ere harmed by it were spoken of as anaerobic and the 
process as anaerobiosis- 

From the standpoint of energy liberation anaerobic respirations 
are less efBcient. Since they are carried out in the absence of 
free oxygen, complete oxidation docs not occur. We might use 
an anaerobic decomposition of glucose to illustrate this; 

CcHisOe = 2 C 2 HsOH + SCOs + 22 kg.-cal. 

The fact that along with CO^ are formed two molecules of ethyl 
alcohol indicates that much of the potential energy in the 
molecule will remain in the ethyl alcohol. By subtracting ^ 
number of calories formed in this equation from the num er 
formed by complete combustion, we find that 652 kilogram 

2 W Seifrjz, Anaerobic Respiration, Science 101 (1945), SS-9. 
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calories are not available to the bacterial cell that resorts to 
anaerobic respiration 

Aerobiosis and Anaerobiosis. Oxygen in some form is required 
by all microorganisms. This oxygen may be combined, or 
uncombined (free atmospheric oxygen). Variations in ability 
to use dilTerent forms of oxygen permit bacteriologists to arrange 
the bacteria into groups for which special terms have been intro- 
duced. Even though these terms have been used in the preceding 
paragraphs, they will be defined here, 

/Icrobjc bacteria {aerobea)- Those which me free oxygen for growth. 

Anaerobic baclena (anaerobes) . Those which cannot grow in or which are 
injured by free oxygen 

Paexiltalive (for oxygen) Those which are somewhat indifferent to free 
oxygen — can grow in the absence or presence of it. 

Mtcroaerophi/ic Those which arc able to grow with but infinitesimal 
amounts of free oxygen 

Study has been given to the question of why anaerobic bacteria 
cannot grow in the presence of oxygen. Apparently much more 
IS involved than the mere assumption that oxygen is poisonous 
to anaerobes A recent explanation was that, m the presence of 
aiP, hydrogen peroxide is produced Since the anaerobes form 
no catalase, they are unable to decompose this peroxide. It 
becomes a poison Another explanation of merit involves the 
oxidation-reduction potential (EH) of the medium Anaerobes 
require a lower potential than aerobes 

Aerobic Bacteria Anaerobic Bacteria 

1. Grow m presence of air. 1 Do not grow m presence of air 

2 Use free (atmospheric) oxygen. 2 Use combined oxygen 

3. Completely oxidize products 3 Incompletely oxidize products 

4 Secure more energy from an 4 Secure less energy from an 

equivalent amount of food equivalent amount of food 

CYCLES OF THE ELEMENTS 

It has become customary for bacteriologists and agriculturists 
to discuss nitrogencous metabolism, sulfur metabolism, phosphorus 
metabolism, and so on, of roicrooi^anisras, with the help of an 
orderly system called a cycle. Thus we may have a nitrogen 
cycle, a carbon cycle, a phosphorus cycle, and such We will 
retain this useful method for presenting the facts of nitrogen, 
sulfur, add phosphorus metabolism of the bacteria It gives us 
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a fine method for following the various stages through which 
compounds of elements pass. It will also help us to correlate 
our information. 

The soundness of this practice rests on the fact that matter is 
indestructible as is expressed in the law of conscrvatioTi of matter. 
Russell and Hastings in their “Agricultural Bacteriology” have 
stated it in this manner: 

An atom of carbon may be in the atmo.<!phcre today I'n the form of COj; 
tomorrow it may bo m a sugar motcciilc of a plant; the next day in the 
tissues ot an animal; and the aucecoding <fa3' it may be again present in the 
air in a molecule of carbon dio.Yidc, ready for another of its ceaseless pas- 
sages, carrying with it a supply of energy for the animal and fungus plant 


Cycles then depict the various states of oxidation of elements in 
an orderly manner. In one of the following chapters nitrogen, 
carbon, and sulfur cycles arc discussed. 

Growth Factors and Vitamins. These have just been referred 
to but dcscn'c a little longer discussion. For many years it was 
believed that fats, proteins, carbohydrates, and minerals were 
the mam food elements necessary for normal nutrition of animals. 


In addition to those substances, others now known as vifamins 
are also important. They seem to function in microbial metabo- 
lism in about the same way as they do in animal metabolism. 
Animal and vegetable extracts have long been added to bacteri- 
ological culture media to support growth or to insure maximum 
rates of multiplication and IcTmcntation. Requirements of 
microorganisms for these natural substances prompted lYildier, 
a Belgian microbiologist, to suggest the existence of on “indis- 
pensable substance” in development of yeast to which he gave 
the name “bios.” A few' years later Funk gave the name vita- 
mines” to substances which cured cases of beriberi. It became 
apparent that other “vitamines” existed, and nutritionists classi- 
fied them into two groups, those which were fat-soluble and t ose 
n'hich were water-soluble. This latter group was later sho^ o 
be composed of a variety of factors from which the vitamin 


complex has been identified- _ 

During this period of about 15 years the suggestion of i 
received considerable attention of microbiologists.^ 
shown to consist of a number of factors. Similarity o cer 
fraction of “bios” to vitamin B complex was gradually recognizea. 
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When vitamins became known to chemists, they were found to 
be identical with certain fractions of “bios." 

Studios of nutritional requirements of microorganisms resulted 
in recognition of several growth factors which had been identified 
as vitamins for animals: Thiamin (B,-), riboflavin (B^^, pan- 
tothenic acid, nicotinic acid, p-atnmobcnzoic acid, pyridoxin, 
inositol, choline, biotm, and folic acid. Study of microbial- 
growth factors have played a prominent role in eventual isolation 
and identification of thiamin, inositol, pantothenic acid, biotin, 
and folic acid Other components of vitamin B complex have 
been suggested by nutritionists as well as bacteriologists. These 
have not been identified 

Vitamins are in general of plant origin. Vitamins of the B 
complex arc required in order that cells may perform their vital 
functions. Required vitamins not preformed and present in the 
food must be synthesized by the coll This fact is of paramount 
importance. The many bacteria normally present in the intesti- 
nal tract arc performing the vital function of synthesizing a part 
of the vitamins required by the animal. The quantities of 
vitamins supplied from this source are still unknown. Such 
investigations arc hampered by difficulties of producing bactena- 
frec intestines. 

Microorganisms are now widely used for rapid assay for indi- 
vidual D-complex vitamins They have largely replaced the 
slower assay methods using animals and have certain advan- 
tages over some of the chemical methods. Similar assay pro- 
cedures are being developed for small quantities of amino acids 

SPECIAL PRODUCTS OF METABOLISM 

Various products of metabolism have been mentioned at differ- 
ent places in this book. In this chapter attention is given to 
some which have a different significance from those discussed in 
the next chapter. 

Formation of Pigments. Some bacteria form pigments in their 
metabolism; this gives another factor for identification. These 
pigments arc probably excretory products which happen to be 
colored Most of the common bacteria are white; and, when one 
is found which is pigmented, that characteristic sets it opart 
from others Bcijerinck, the Dutch microbiologist, classified 
pigmented bacteria as follows: 
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/. ChromophorouK Dnctcna: TIjo!»c which contain pigment in the cells for 
some useful piirpo.'ie. 

II. Chfomoparona Bacteria: Th&«e which excrete pigment probably as a 
waste product The pigment may be excreted either as a colored product 
or as the coJorJci.s Icuco base. The latter may become colored in the pres- 
ence of either flir or other products. Good examples are Pseudomonas 
pyocyaueus and Pseudomonas cyanoycncs. 

III. Parachramc liactena: These hacieria retain their pigment jo their 
cells. Good examples are Pseudomonas vtolaccoiis and Serratia mafccseens. 

Pigments tire of little signiHcnncc except ns nn nid in identifica- 
tion. Some of tljcm Imvc been responsible for striking coloration 
of certain foods whicli caused consternation among early peoples. 
Harrison, for instance, has studied the history of Serratia tnar- 
ccsccns and reported that so-caWed “bhody bread” iras due to 
the growth of microorgamsms. Other foods besides bread also 
became “bloody.” JJarrison's paper u'ill be interesting for those 
who desire more infonn-ation. 

Light Formation (Luminescence). Many different forms of 
life produce light or compounds tvhich pliosporescc. This is 
frequently spoken of as cold light. Bacteria producing these 
compounds have been found to be present in rotting wood, fish, 
and SCO water. The intensity of radiation varies greatly with 
the species as ttcl! as uuh the conditions under which the micro* 
organisms arc grown. Some of these bacteria produce so much 
light that photographic plate is affected. MoJisch even proposed 
the preparation and use of a lantern in which the source of light 
n'as an agar film on which pJiosphorcseent bacteria were growing. 
This lantern was suggested especially for miners but was never 
put to practical use. Bcijcrinck proposed the generic name 
Photohacterium for these organisms. Many of them are halo- 
phihc, that is, require the presence of sodium chloride; this 
explains their presence on fish and the flesh of other marine 
animals. 

Heat Formation. Jinny bacterial decompositions are exother- 
mic. If heat is formed under conditions that do not allo'' it o 
be conducted an ay, a marked rise in temperature may resu t, an 
spontaneous combustion or ignition may occur. It wou c 
wrong to explain all eases of pronounced rise in tempera m 
organic materials on the basis of the metabolic activities o ac 
teria and related fungi. Heat probably results from the me ^ ° | 
activities of most cells. The respiration of gram ana 
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cells might result m the formation of sufficient heat to be danger- 
ous. A few fermentations may be mentioned wherein appreciable 
amounts of heat are formed. 

Vinegar Fermentation In the quick vinegar or German 
method for acctification, temperature m the generator may rise 
to such an extent that the vinegar bacteria are destroyed Con- 
sequently, the vinegar maker has to control this factor carefully. 
He does it by reducing the draught m the generator and thus 
slowing the fermentation 

Heating of Hay If hay is stored while it is damp it may heat 
in the underlying layers to such an extent that it will ignite. The 
heat in this case may come from thermogenic bacteria or from 
enzymic respiration of the plant cells Burnt hay has been 
prepared by piling freshly mown grass into solid heaps. These 
undergo fermentation and cause the temperature to reach 70®C. 
The heaps ore then opened and the hay cured in the usual 
manner. 

Tobacco Fermentation. During one stage in the preparation 
of tobacco, it IS subjected to a "sweating” process The bundles 
are piled and allowed to heat The temperature rises rapidly and 
may reach 55* to 60*C The piles ore than taken doism and the 
leaves dried 

Manure Fermentation. That heat is formed in fermenting 
manure is the basis for the use of manure in hot beds and cold 
frames. The heating of manure is apparent in the winter time 
when such heaps steam and do not become frozen in the deeper 
layers Manure is also used to keep fresh concrete from 
freezing. 

Silage Fermentation The formation of heat in silos depends 
on the same factors that influence its formation in other cases. 
Too high a temperature destroys the quality of the silage, prob- 
ably because the necessary bacteria are destroyed. 

Aromatic Compounds Some bacteria form among thoir vari- 
ous products of metabolism compounds which have an aromatic 
odor. These have been described as fruity, nutty, and sb on 
Microorganisms which form desirable odors and aromas liave 
been especially studied in the dairy industry where a desirable 
odor is beneficial. Such is the case m cream ripening. Use of a 
microorganism for producing a delicate flavor greatly improves 
the quality of butter. Some attention has also been given to 
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this problem in the vinegar* industo'; presence of a fine aroma in 
addition to the acetic acid increases the value and desirability of 
the vinegar. 

Fonnat/on of Gas. Various gaseous compounds may be 
formed by microorganisms. The commonest is probably carbon 
dio.xide wJiich is one of the characteristic products of fermenta- 
tion. Bacteriologists use gas formation as one of the differential 
tests in tile characterization of bacteria. An enlightening experi- 
ment IS quoted by Morrey in his “Fundamentals of Bacteriology,” 
He packed material taken from the bottom of a pond into a 
cylinder 6 feet Jong and 0 inches in (Uamctcr. Water was added 
to within 2 inches of the top. TIic cylinder was tightly closed 
after a few daj’s and fitted with a pressure gauge. After six 
months the gauge showed a pressure of more than 500 pounds 
per square inch. Aforrey believed that this c.vpcrjmcnt c.vpiained 
formation of natural gas. 

Bactena arc also responsible for formation of large amounts 
of gas in sewage treatment. So much is formed at some sewage- 
treatment plants that it is burned for useful purposes. Such gas 
IS about 75 per cent methane and 25 per cent carbon dio.xide. A 
small amount of nitrogen may also bo present. The heat value 
of tJic gas, according to one investigator, is 600 Btu per cubic 
foot. Attempts have been made to determine the possibility of 
turning certain waste products on the farm into gas. Gas formed 
by bacteria from organic matter has also been compressed and 
used for operating automobiles. 

Vitamin Formation by Microorganisms. Various vitamins or 
their precursors have been synthesized by some microorganisms 
The B vitamins have been shown to be formed and stored in 
cheeses. Yeasts synthesize thiamin, riboflavin and other B vita- 
mins in the course of alcoholic fermentation of grain mashes and 
thus increase the value of the feed by-products recovered from 
the mash. Clostridium acetobutyUcum synthesizes large amounts 
or riboflavin in the course of the butanol-acetone fermentation 
Certain species of the yeast genus Candida arc capable of remar '- 
able riboflavin synthesis, as is the Ascomyccte Fremofaeciuw 
a&hbya. Bakers’ yeast synthesizes large amounts of thiamm 
under certain conditions. Synthesis in the intestines and rumen 
of animals contributes significant amounts of certain vitamins 
General statements for all microorganisms cannot be made, tor 
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tho species of microorganism as well as the vitamin affect the 
process. 
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CHAPTER 15 
GROWTH OF BACTERIA 

With higher animals and plants it is not difficult to determine 
whether an organism has grown or not. This may be decided by 
weighing increase in body weight in pounds or ounces, or by 
measuring increase in size. Microbiologists cannot resort con- 
veniently to such methods although there are special means by 
which it can be done. The microbiologist has had to adopt a 
different conception of growth not always appreciated by those 
who are not trained in microscopic technic. The conception of 
the term growth given in relation to higher animals and plants— 
increase in weight or cell mass — may be retained by micro- 
biologists However, multiplication, an increase in numbers of 
individuals, should bo distinguished from growth. Thus, cells 
may grow after multiplication as well as just before. Work with 
yeasts has shown that they may grow to a considerable extent 
after multiplication. The term reproduction is also used to 
express increase in mass or numbers. Strictly speaking, it refers 
to the generation of new organisms from similar ones which have 
gone before It depends on the division of the cells. It is 
apparent that several terms used to express increase m mass, 
numbers, or volume overlap considerably and may be defined in 
different ways. 

Methods Used for Measuring Growth or Multiplication. Ha\- 
ing attempted to define these terms, wc may turn our attention 
to several methods which arc used for measuring the phenomena 
which they represent. Confusion has resulted from misinterpre 
tation of data as well as from comparison of results secured wi 
various methods. 

Counting of Plate Colonies. The uninformed layman yonders ho 
bactenoiogists are able to report such great aumhers of bflptena m oo , 
milk and ice cream. Buttermilk, for instance, may contain m 
lOOpOQ.OOO bacteria per milliter. To secure such information 'e 
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ologist does not count each cell The original material (milk, for instance) 
is diluted with sterile water to such an extent that the number of bacteria 
in 1 ml. may be counted This number or count is then multiplied by the 
dilution /actor to secure the total number Since by this method single 
cells or clumps which ha\c de\ eloped into colonics are counted, it is really 
a measure of multiplication 

Counltng oj IndiiiJunl Celts Another method of counting involves the 
use of a chamber called a hemacytometer, onginally devised for counting 
red and white corpuscles in the blood A small portion of the material, the 
bacterial content of which is to bo determined, is placed on a very finely 
ruled surface This is then placed under the microscope and, if the area of 
the squares is known, the number of bacteria in the sample may be deter- 
mined. This method also is really a measure of multiplication 

it/eaa»nii (7 t/ic Volume Consumed by the Cells By this method bactenal 
cells in the sample arc thrown to the bottom of a special tube on a centri- 
fuge The volume of the precipitate gives information on the content of 
bacteria. It is obvious that this method gives dilTercnt data from those 
secured by the methods just described 

Jlfcasunn^ bactenal Content by Estimations of Turbidity This method 
of measurement is, of course, applicable to clear media only or to solutions 
the turbidity of which ts due only to bacterial cells It requires an instru- 
ment known os a neplielometcr Data collected by this method involve 
both multiplication hnd growth The more cells and the larger they are, 
the greater the turbidity Thu method is used for estimating the number 
of cells in a saline sa^peosion for the preparation of bactenns (bacterial 
vaccines). 

MeasuTcmenls 0 / Single Ccifj. Observations may also be made over a 
period 0 / time of single cells The increase in length per unit of time 
gives information on the rate of growth 

Growth Histories of Cultures. The growth history of a culture 
has been divided into several stages. But three stages of phases 
need be mentioned — ^the lag phase, the phase* of rapid growth, and 
the last phase, spoken of by some as the phase of decreasing 
growth or that in which the cells are dying. 

The Lag Phase. This is the phase immediately following the 
inoculation of fresh sterile media w'hen the culture is started 
During this phase bacteria do not multiply but remain constant 
in numbers or even decrease in numbers. The cells arc probably 
becoming adjusted to conditions in the new medium and do not 
start to multiply Many possible explanations have been sug- 
gested It is an important phase in the development of a culture. 

^ The several phases mentioned here are a few taken from a greater 
number which are recognized in the growth of bacteria The others are 
discussed by Buchanan, in J Infectious Diseases, 23 (1918), 109-23 
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Phase of Rapid Growth. This phase follows the lag phase. 
The cells are dividing with the shortest generation time when 
best conditions of food concentration, temperature, and the like 
are obtained. 

Phase of Decreasing Numbers. A culture eventually reaches 
a point where the number remains constant for a time, later to 
decrease. What is responsible for this? Why do not the cells 
in a culture continue to grow indefinitely? Two reasons are 
generally given. These, discussed here, will be referred to again 
in connection with two early explanations of immunity. 

Lack of Food. Multiplication in a culture may stop because 
of lack of food. This has been studied by several investigators 
and found to explain the situation partially. Graham-Smith 
found that the addition of fresh food to cultures in which multi- 
plication had stopped would cause it to begin again. 

Accumulation of Products of Metabolism. AH living animals 
require food and give off waste matter spoken of as “products 
of metabolism ’’ Among the latter may be such products as 
formaldehyde, organic acids, and other poisonous substances. 
When these are removed, the culture may grow again. Whether 
this explanation is better than the one in the preceding paragraph 
is questionable. Both probably arc important. 

Growth Histories of Single Cells. The separate cells in o 
culture also pass through a scries of stages which may be dis- 
tinguished from one another. These have received consideration 
more recently. This work indicates that the cells of a culture 
show three stages in their development — a period of adolescence, 
a period of maturity, and, finally, a period of senescence. During 
each of these phases the shape of the cell may be quite differen 
from that in the others. They have been found to follow one 
another in regular order in some cases. Lack of appreciation o 
this caused earlier workers to introduce the term invo u^.ion 
form" for the shapes which were different from what were be leve 
to be normal forms. . . 

Rate of Growth. The rate of growth, as would be ' 

is influenced by several different factors. To determine e r 
of growth of a culture, the number of bacteria in the ' 

the number at the end, and the time must be determine . 
allow the number at the beginning to be represented ^ 
number at the end by b, the number of generations by n, 
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have the following equation: 

2" = - where 6 equals 2*0 

Then, if B is the time required to complete a full generation, 



The validity of data collected with this equation depends on the 
assumption that each cell divides into two parts and that all the 
cells in a culture act just alike Barber studied this question 
with Escherichia coli and found a generation time of 17 minutes 
at 38'’C., under probably the best conditions. Above and below 
this temperature, formation of new generations required more 
time. Investigators with other organisms secured similar data. 
Perhaps the general conclusion might be reached that, under 
optimum conditions existing in experimental work, the generation 
time is between 30 and 40 minutes for ordinary bacteria Ideal 
conditions may not exist in nature, and the generation time might 
be much longer. The rale of multiplication would, of course, 
vary for each species. Kendall stated that Vibno commo formed 
a new generation every 15 minutes. Since there are 96 periods 
of 15 minutes in each day of 24 hours, the theoretical descendants 
of a single bacterial cell would be 2’* or, to express it another 
way, the descendants of one cell at the end of one hour would be 
16 and at the end of two hours, 256; at the end of 24 hours 
the theoretical number would be 8 X 10** Such a number of 
descendants, however, is scarcely ever attained by a single organ- 
ism in nature, for the factors influencing growth probably retard 
multiplication and cause the death of many cells 

Factors Influencing Growth and Multiplication. Growth and 
multiplication are complicated processes They represent the 
algebraic sum of the processes nhich go on in a cell. 

l. Concenlration of Food, Under ordinary conditions this is an unimpor- 
tant factor. It has been stated elsewhere that bacteria need only a very 
small amount of food They will grow quite well in distilled water, which 
contains such a small amount of matter that it cannot be detected by 
ordinary chemical methods. However, under euch conditions growth stops 
more quickly than when greater amounts of food are available. 
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S. Hydrogen-Ion Concentration. Bacteriologists have always known 
that the reaction of a medium was one of its most important characteristics. 
Until present methods of determining hydrogen-ion concentration were pro- 
vided by the physical chemists, bacteriologists had to resort to titration 
methods with N/20 hydrochloric acid or K/20 sodium hydroxide. As 
information accumulated, it was apparent that these procedures did not 
give an accurate picture and that such a factor as reaction (acidity or 
alkalinity) could be better measured by means of hydrogen-ion concentra- 
tion determinations. For many of the common organisms the maximum, 
minimum, and optimum hj'drogea-ion concentration has been determined 
by various mvestigatora.2 

3. Temperature. This is another important factor influencing growth 
Since growth involves chemical reactions, it js apparent that temperature 
Would have an important effect on it. Temperature relations are important 
characteristics of all bacteria. They constitute one of the important differ- 
ential characteristics by which microbiologists are able to differentiate pure 
cultures. The driving effect of temperature on growth and multiplication 
was recognized by the early investigators. Considerable space has been 
given to this factor on former pages. Bacteria may be divided into three 
groups on the basis of their temperature relations, the inaximum, optimum, 
and minimum temperatures. 


TABLE 4 

HyDROCEy-IoN Concevtbation RnurJONg or 
Some of the Commo.v B*ctbria 


Name of Organism 

Hydrogen-Ioa 
Concentration Relations 

Limits Optimum 

Corynebaclerium dtphlheriae- 

68-83 

78-76 

Mycobacterium tuberculosis 

60-76 

68-72 

Escherichia coft 

46-95 

52-84 

Serratia marcescens 

58-80 

60-70 

Bacillus anikracis 

68-85 

70-7.4 

Clostridium telani 

58-88 

7.0-76 

Clostridium botulinum 

60-88 



It IS not easy to discuss this important factor in a few 
pioneer work on the influence of temperature was earned out y ' 
great English botanist. He found that, at the optimum 
was very rapid and lasted for a long time; at this tempera ure ® .. 

was able to i^c its food to best advantage and give the greatest gro 

2 No explanation of the meaning of the fpfolDgy/' 

tion” IS attempted here It is pven in the authors PractiCa 
Wiley, New York, 1928. 
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“crop ” However, above the optimum, the growth, at first rapid, lasted for 
a shorter time. This decrease m growth continued m effect as the tempera- 
ture was raised until finally a temperature was reached where no growth 
occurred at all. 

4 Available Moisture. Water is necessary for all forms of hfe; it is just 
as important for the bacterial cell os for higher organisms. However, it 
seems that the bacteria cell 13 able to endure the absence of water more 
easily than higher animals or pbnts 

5. Accumulalton oj Jl'as/c Products. Why do bacteria stop growing in a 
culture? Why do the cells not continue to grow until they have filled the 
medium and caused it to lose its properties of a liquid and become a gel’ 
Search for information with which to onsner this question has resulted in 
seieral answers Some of the earlier investigators suggested that toxic 
substances called “autotoxins” were formed Another suggestion was that 
peroxides were formed which retarded growth or multiplication. Another 
theory is that retardation is due to formation of acids and a lethal hydrogen- 
ion concentration. Perhaps none of these explanations is true; all of them 
may play a role. 

6. Accessory Substarxees (Growth Factors) These have been shown to 
be very important in normal development of higher forms of fife and more 
recently in development of microorganisms They vary jn their effect 
Some arc probably necessary for growth and development, whereas others 
merely accelerate these conditions but are not strictly necessary Many 
different names have been eugge»(cd for the'e accessory substances Some 
are known chemical compounds, others are not They are necessary in very 
small amounts Just how they function is not known, but they seem to be 
concerned in some way with the enr>nie sj'slems in cells 

7. Available Ammo Acids Studies 00 growth and normal development 
of higher animals have shown that certain foods are deficient for these pur- 
PO.SCS because they lack necessary amino acids For instance, gelatin con- 
taining no cystine or tryptophane w inadequate and mu^t be supplemented 
by these ammo acids or material containing them The puipose 0 / the use 
of peptones for preparation of baclcnological media is to supply various 
amino acids as well as vitamins Peptones and proteoses, chemically speak- 
ing, play only a secondary role for most common bacteria Recently the 
required ammo acids for some species of bacteria have been determined 
They are ammo acids which cannot be synthesised but must bo present and 
available from the food So necessary are they in development of certain 
bacteria that the latter are used as test organisms to determine the presence 
of specific ammo acids. LaclobactUus aiabinosus is such a test organism 

8. Surface Tension. This is one of the more recent factors which have 
been found to influence growth. Ordinary culture media such as plain 
broth, according to Larson, have a surface tension of 53 dynes. When this 
was reduced to 32 dynes by the addition of surface-tension depressants 
(soaps), interesting alterations in pwth were noticed Bacillus sublihs, 
which ordinarily grows with a pellicle, was found to grow down in the 
medium when the surface tension was reduced to 45 dynes or below Details 
of the effects of surface tension may be left for future study. 
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Longevity of Bacteria. Bacteria seem to be able to Jive for 
many years under conditions which would ordinarily be consid- 
ered unfavorable. They have been shown to retain their original 
cultural, immunological, and biochemical characteristics for many 
years when dried in the frozen state, provided they are well sealed. 
This is the basis for the lyophU process. Microorganisms are 
frozen, dried under vacuum, and sealed. Even the most fastidious 
species have been reported to live for a long time. 

Bacteria have also been shown to exist for a long time in dry 
soil. This led Lipman of the University of California to investi- 
gate their presence in adobe bricks, coal, rocks, and similar 
materials. He reported their presence in such materials even 
though they were thousands of years old. The cells were said 
to be in state of suspended animation without any respiration 
occurring at all. This makes necessary a new conception of life- 
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CHAPTER 16 
BACTERIAL ENZYMES 

Chemical reactions involved in growth and metabolism of 
microorganisms, plants, and animals are the result of enzyme 
action. Although our knowledge of the elaborate enzyme systems 
causing these reactions is still obscure for most enzymes, much 
information is available concerning a relatively few enzymes. 
The foundation for enzymology was laid perhaps when Kirchhoff 
in 1814 observed that a glutcnous component of wheat was capa- 
ble of converting starch to sugar and dextrin. Dubrunfaut in 1830 
showed similar agents in malt extract, and three years later Paycn 
and Persoz prepared a dry extract to which they gave the name 
diastase. In 1871 Pasteur proved that alcoholic fermentation 
was caused by living yeast, thereby making a distinction between 
“organized ferments" such as living yeast, and "unorganized 
ferments" such as diastase. Kiihne proposed the term enzyme 
(Greek, in yeast) for this latter group. When Buchner in 1897 
prepared a cell-free extract from yeast (called yeast juice) which 
'vas capable of producing alcoholic fermentation, he settled 
the longstanding Pasteur-Licbig controversy by showing that 
enzymes existed in "organized ferments." 

The great strides made during the past 40 years in the under- 
standing of carbohydrate metabolism were initiated with studies 
on yeast. It is easily understandable how much simpler the 
problem became when an enzyme system in a single-cell organism 
or cell-free extracts from single-cell organisms, was studied. 
Many principles established from the study of microorganisms 
have been applied to metabolism in higher plants and animals. 

Definition of an Enzyme. Before discussing general properties 
of enzymes an attempt should be made to define the term 
Sumner and Somers have stated that an enzyme is a definite 
chemical substance of organic nature, tliermolabile and elaborated 
by plants, animals, and microorganisms, and capable of increasing 
the velocity of a chemical reaction without being used up in the 
287 
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process or becoming a part of the product formed. Thus, an 
enzyme is a special catalyst, a biological catalyst. 

Nature of Enzymes. Although enzymes are defined as sub- 
stances of definite chemical nature, little is known about the exact 
chemical structure. All enzymes arc proteins, a fact not fully 
established until 1926 when Sumner prepared the first crystalline 
enzyme, urease. Even for a number of years later many enzyme 
chemists preferred the German point of view of WiUstatter and 
his student, Waldschraidt-Leitz that enzymes were some unknown 
substance adsorbed on the protein. It has been fully established 
tliat tlic protein part of a particular enzyme is specific. To date 
some 20 enzymes have been prepared in the crystalline state, and 
many others have been prepared in relatively pure concentrates 

Because enzymes are composed of a specific protein portion, 
they are high-molecular-weight substances, invertase (sucrase) 
probably has a molecular weight greater than 20,000, while pepsin 
has a molecular weight of about 35,000. Urease has a molecular 
w’eight of 483,000. 

Enzymes in the natural stale are said to be colloidal. They 
dialyze through membranes either vco' slo'^’ly or not at all. The 
colloidal state is associated with their protein nature. 

How many enzymes exist in a bacterial cell? Only a few arc 
known, and more are postulated. However, there are undoubt- 
edly a large number. Sumner and Somers have suggested that 
perhaps a thousand different enzymes may occur in very active 
tissue cells such as liver cells. Other authorities have suggested 
perhaps a hundred e.xist in bacterial ceils. 

Nomenclature of Enzymes. Even before Buchner had broken 
down the distinction betw'een “organized” and "unorganize 
enzymes, Duclaux (1833) introduced the custom of designating 
an enzyme by the name of the substance decomposed, knonn as 
the substrate, and adding (he suffix ase. For example, jna tase 
is the enzyme which hydrolyzes maltose, wreose is the enzjme 
which decomposes urea into ammonia and carbon dioxide. ore 
specific names are also used, which indicate the source o 
enzyme as weJJ as its activity, such names arc j/east 
salivary amylase, and malt diastase. Thus the genera ru 
enzyme nomenclature is illustrated, that enzymes are 
what they do and not for ivhat they are. Some o our 
knowm enzymes were named before Duclaux s sugges lo , 



CHKMICAI. CIIANCUS 


289 


their names do not conform to his principle of nomenclature. 
Examples arc pepsin, renmn, and trypsin The term zymase is 
often found in older literature to designate the enzymes of yeast 
responsible for alcoholic fermentation It is a collective term 
representing a multitude of enzyme systems, and can be called 
an enzyme complex. 

Chemical Changes Brought about hy Enzymes. The chemical 
changes brought about by enzymes are involved, and the mecha- 
nism of these changes is not understood Enzymes are capable 
of many reactions which cannot be accomplished by purely 
chemical means Although most enzyme reactions are analytical, 
for example, they decompose larger molecules into smaller mole- 
cufes, they are considered to be reversible Thus, under proper 
conditions, and these conditions undoubtedly occur within the 
cells of microorganisms, enzymes are capable of synthesis 
reactions. Consequently all enzyme reactions are equilibrium 
reactions; there is always a tendency for the enzyme to establish 
a definite ratio between the sublratc and products of the reaction 
The synthesis ability has been demonstrated however with only 
a few enzymes in laboratory experiments. 

Classification of types of reactions brought about by enzymes, 
although somenhat arbitrary, is convenient in order to facilitate 
an understanding of the broad aspects of the subject. Some of 
the more important changes may be outlined as follow’s. Although 
only one example will be given, the student must keep in mind 
that many enzymes exist which are capable of conducting the 
type reaction, each enzyme being specific for a particular sub- 
strate, -whether it be a single compound or a particular arrange- 
ment of atoms 

/. Hydrolysis Hydrolysis is a reaction involving the addition 
of water to a substance, followed by splitting of the molecule 
Carbohydrases are hydrolytic enzymes, which catalyze the forma- 
tion of simple caibohydrates from more complex carbohydrates 

Ci2H220ii -f HzO -f- invertase C6H12O& -f 

Sucrose Glucoee Fructose 

II. Oxidation and Reduction Formerly enzymes were some- 
times spoken of as "oxidases” and "reductases ’’ But reduction 
is simply the reverse of oxidation Whenever a substance is 
oxidized, another must be reduced, and so a particular enzyme 
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may bo called an oxidizing enzyme with respect to one component 
in the system, or a reducing enzyme with respect to the other 
component of the system. Weiland (1912) proposed a widely 
accepted theory that cells carry on oxidation by removal of 
hydrogen. The substance winch furnishes the hydrogen, and is 
thus oxidized, is the donator (donor). The hydrogen is accepted 
by some easily reduced substance, which is the acceptor. The 
dehydrogenases usually cxliibit a marked specificity toward the 
donator, but may be ratJier unspecific toward the acceptor. 
Therefore it is named for (he more specific compound, that which 
is being oxidized. The reaction catalyzed by alcohol dehydro' 
genase of yeast may be written as follows: 

CHaCIIsOII -hcoenzyme 1 +alcohoI dehydrogenase;?^ CH3CHO 

AteUldthyd* 

+ reduced coenzyme 1 

A new term has been introduced, coenzyme, which is discussed 
later. 

Although IVciland’s theorj' that biological oxidations and 
reductions may be accounted for by the removal or addition of 
hydrogen, respectively, it docs not explain all oxidations. By 
a second type of oxidation certain enzymes arc able to oxidize 
apparently by activation of the oxj’gcn. An example is peron* 
do.se which in the presence of hydrogen peroxide is capable of 
oxidizing phenol-type compounds. It is also capable of liberating 
iodine from iodides. 

0 

OH I) 

^ -f H2O2 + peroxidase + 2H2O 

Catechol cMjiunonc 

A third type of reaction might be mentioned though it is not 
a true oxidation. Another enzyme often classified among 
oxidases, because of its similarity in chemical prope 
catalase. Its only action is that of decomposing by r 
peroxide, forming water and gaseous oxygen. 

eatalaM 

2 H2O2 2H2O + O2 

Hydrogen W»t«r Oxygen 

peroxide 
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111 . Splitting. Whereas hydrolysis involves a splitting of the 
molecule after addition of water, another type of reaction may be 
mentioned in which splitting is not accompanied by addition of 
water. Such enzymes are sometimes called desmolascs, meaning 
an enzyme which breaks (or reversibly, forms) a carbon chain. 
Most frequently they split carbon dioxide from a compound The 
simplest example, though not a true desmolase because only one 
carbon atom is involved, is carbonic anhydrase which forms 
carbon dioxide from carbonic acid. 


eubouo 

•nbydraae 

H2CO3 5=^ H20 + C03 

A true example is carboxylase, found in nearly all cells, which 
splits carbon dioxide from pyruvic acid 


0 0 0 

CH, 4 J-Oh“chJ.H + CO. 

Pyruvic *eid Ai-etUdehyd* 

• Coenzyme coearboxylase required 

This reaction is very important in carbohydrate metabolism. 

IV. Hydration. This is a reaction in which water is added 
to the molecule without subsequent splitting. Two general 
groups of enzymes are capable of this type of reaction, hydmses 
and mutases. In the case of hydrases. one molecule of water is 
added to one molecule of the organic compound. Thus, methyl 
glyoxal 18 hydrated to form lactic acid. 


00 


HO 

CHa-C C H + HOH CHsCcioH 

H 

Metbyl gJyo“l 


Metiyl gJyo“l 

In the case of the mutascs the molecule of water is added to two 
molecules of the organic compound; it can be considered that the 
two hydrogen atoms go to one molecule wdiile the one oxygen atom 
passes to the other molecule Aldehyde muta.e catalyses the 
well-known Cannizzaro reaction. 


2CH3CH + H2O 

Acetildehytle 


ajdeliyde 1 


"CH3COH + CH3CH2OH 

Ac«t4C leid EUiyl Jcohol 
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Enzymes catalyzing this type of reaction are sometimes called 
‘‘oxidoreductases, because simultaneously one molecule is oxidized 
while the second molecule is reduced. 

These four type reactions probably account for nearly all the 
chemical changes induced by enzymes. Yet there are some types 
of effects brought about by enzymes, which are not easily placed 
in these groups. For instance, rennin, an enzyme found in the 
calves’ stomach, is able to coagulate the protein, casein, of milk. 
This reaction is probably hydrolytic, and yet it is not easily com- 
parable to the reactions of most proteinases which produce soluble 
proteins from insoluble proteins. 

Structure of Enzymes. As already noted, enzymes are proteins 
and occur m nature in a colloidal state. An enzyme is considered 
to consist of two portions, a specific protein and a “prosthetic 
group” which, for simplicity, we may consider as a side chain, 
bound chemically to the protein. If on enzyme does not possess 
both groups it cannot function. Certain enzymes, such as the 
yellow oxidation enzyme of Warburg and Christian, consist of 
both parts as one unit. In other enzymes the two parts are 
apparently not closely bound and can readily be separated. The 
term apoemyme is sometimes applied to the protein portion, and 
the term haloemyme to the complete enzyme, thusi 

Apoenzyme -b coenzyme »= holoenzyme 

(Protein) (Coep»ym«) (Complete enryme) 

(Fbostbctic CbocpI 

Coenzymes. This term is difficult to define accurately. 
Bertrand coined the expression in 1S97 to designate inoTgan^c 
ions which activated certain enzymes As now used it refers to 
organic compounds which complete the structure of certain 
enzymes. Thus it may be considered to be closely related to ic 
prosthetic group. However, the coenzynjc is apparently on> 
loosely bound to the protein portion of an enzyme and is easi > 
lost. When this occurs, the enzyme is inactive On the o er 
hand, a true prosthetic group is firmly bound to the enzyme. 

In contrast to enzymes, coenzymes are heat-stable, la jza , 
and have smaller molecular weights; yet they are comp 
compounds, many of which contain, as part of ’ 

molecule of a member of the vitamin B complex. 
cocarboxylase is a compound containing thiamine (vitamine i 
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Coenzymc I and coonzymc II arc compo\mds containing nicotinic 
acid amide (nicotinamide), also a B-comp!ex vitamin. To 
illustrate the difficulty of disinguishing between coenzymes and 
prosthetic groups, riboflavin (vitamin B*) is contained in the 
prosthetic groups of a number of enzymes commonly called the 
“yellow enzymes” because of the color imparted to them by the 
riboflavin Examples of these are the yellow oxidation enzyme 
of Warburg and Christian (old yellow enzyme) , xanthine oxidase 
and cytochrome c reductase. In these cases the coenzymes are 
compounds of riboflavin, phosphoric acid, d-ribose, and sometimes 
include adenine Not all coenzymes are compounds containing 
vitamins. Adenylic acid and adenosm triphosphate, important 
coenzymes, are composed of adenine, d-ribose, and one and three 
molecules of phosphoric acid, respectively. Hematin is a pros- 
thetic group of peroxidase and catalase. 

The same compound, such as coenzyme I, will activate a number 
of different enzymes. Thus they are nonspecific portions of the 
enzyme, in contrast to the protein portions which are very specific. 
The specificity of the protein is probably related to the internal 
arrangement of ammo acids comprising the protein. 

Some biochemists have suggested that the function of B-comple.x 
vitamins is to supply the coenzyme requirements of some enzyme 
systems Although 12 members of the vitamin B complex are 
know’n, only thiamine (vitamin B,), riboflavin (vitamin Bg), and 
niacm have been show n to be involved in coenzymes. 

How do Enzymes Act? This question may not be answered 
accurately although several theories have been proposed at vari- 
ous times. One of the most tenable explanations is that the 
enzyme unites in some manner with the substrate. An inter- 
mediate compound is formed winch m turn decomposes, liberating 
the enzyme again During this contact with the enzyme, the 
substrate is changed or broken dowm We might illustrate the 
reactions' 

1. Enzyme + substrate enzyme-substrate compound 

2. Enzyme-substrate compound enzyme decomposition 
products 

These two reactions are probably ovcrsiraplified Practically no 
information is available on the type of compound formed when 
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the enzyme and substrate combine. It must be unstable in orde 
that the second reaction may take pjacc. It is entirely possM 
that each of these general reactions in ilscif is the result of severa 
complicated reactions. 

Characteristics of Enrymes and Enzyme Reactions. Ever 
though we have little knowledge of the mechanisms of enzyiof 
reactions, certain clmractcristics arc generally applicable, all of 
which demonstrate the complexity of their actions. 


/. Emymca arc organic catalysta. The term organic in this sense signifies 
that they are not ahvc themsclvca but are formed by lii'ing cells. No one 
has been able to s j’nthcsize an enzyme. Although some of them have been 
isolated in the pure cr>’stallinc slate and have been proved to be protein 
in nature, not much la known about tbeir finer chemical structure Enjymes 
are also like catalysts in that tbcir speed of reactioD is increased as the tem- 
perature IS raised. Agents which greatly atimulate the activity of engines 
arc called activators. Tliose which inhibit enzymes are called inhibitors. 

A catalyst, accordtag to OsliraW, is a su^taoce rrhich, without itssl/ 
appearing m the final product of reaction, alters the velocity with which 
tho reaction takes place. It should be emphasized that a catalyst does not 
start reactions, it morefy accelerates those which ore going on so slowly 
that the rate cannot be measured. 

S. Enzymes arc tpcafic m t/iciV octtons. This is one of the most inlcN 
esting facts about an enzyme. It helps to dilTerealialc an cnz>‘me from an 
inorganic catalyst such as palladium black, Fischer used the lock-aad-key 
analogy for illustrating enzyme specificity. The substrate was considered 
the lock and the enzyme the key. It takes a certain key to turn each lock; 
similarly it takes a certain enzyme to decompose each substrate. Each 
enzyme seems to hate only one task to do, and it will not assume others. 

S. They produce a great amount of reaction. This is another character- 
istic which puts enzymes in a class by themselves as active agents They 
produce prodigious amounts of reaction without being harmed For 
instance, it has been stated that invertasc will ink ert 1,000,000 tunes its own 
weight of sugar and not be harmed. . 

4. Enzyme reaclians are reversible, hfost eorj’mcs arc known for t ei 
ability to decompose complex substances. IIowe\er, when zntne 
are pul in contact with products which they usually form, they syo esiz 
the substance which they usualbr split. If maltose is pul mto de-^tri^e 
other proper conditions maintaioed, maltose is formed. ^tra- 

put into a mixture of galactose and dextrose, lactose is 

r .1 »>in i!vnt>*r.Ur. nhitilv ftf ftMvmcs IS extrefflcly difficult in test- 


tion of the synthetic ability of enzymes is extremely difficult m cs 
experiments. Yet suitable conditions are established within e ce 


experiments, let suicaoie conoiuons are ----- , „ijce. 

apparent ease, since otherwise protoplasm production ^0^“ °° 

5. Enzymes gttmulale formation of antienzymes formati 


injected into the blood stream of an animat, they tend of 

of antienzymes. These are bodies which neutralize or pre 


the enzyme. 
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€. Enzymes possess some properties of living cells It is interesting to 
compare enzymes with Ining cells It is seen that they possess many 
characteristics in common. 


Lm.va Cells 
1. Temperature 

(a) Destroj ed by high tempera- 
tures. 

(&) Have optimum temperature 
for action 

(c) Action slowed up at low 
temperatures. 

2 Require certain salts. 

3. Require certain limits of reac- 
tion (pH) 


ErrzTMEs 

1 Temperature 

(а) Inactnated by high tem- 
peratures 

(б) Al'O have optimum tem- 
perature for action 

(c) Action slowed up at low 
temperatures 

2 Certain salts necessary. 

3 Require certain limits of reac- 
tion (pH). 


7. £n*ymcs are sensitive to the presence ofaadf, alkalii, and salts in (heir 
entironmenl. Some enzymes require the presence of a certain hydrogen-ion 
concentration For instance, peptase (pepsin) in the stomach requires 02 
per cent of hydrochloric acid but, like most enzymes, is inhibited and 
destroyed by large amounts of acid 

8. Entymes may require the presence of certain materials called eoen- 
tymes. These are substances which arc necessary for action of enzymes 
They are probably the active group of the eozyme which enter into the 
reaction. Enz^’mes containing prosthetic groups do not require coenz>mes 

S>. Some enzymes must be liberated from a substance called a pro- 
enzyme or zymogen Proenzyme is inactive and must be activated m some 
manner. It is not so well established for bacterial enzymes os for certain 
of the digestive enzymes 

10. Enzymes arc colloidal m nature, usually, and are tkerejore generally 
nondialxzable. This is a general statement on which more information is 
desirable. Several highly purified enzymes have been crystallized. 


INTRACELLULAR (ENDOENZYMES) AND EXTRACELLULAR 
(EXOENZYMES) ENZYMES 

Enzymes produced by bacteria and higher organisms may be 
arranged in two groups. From the standpoint of cell nutrition 
this arrangement is interesting and important. 

Extracellular Enzymes. Existence of extracellular enzymes 
may be shown by growing bacteria m media and filtering them to 
remove bacterial cells after good growth has occurred Enzymes 
which have been secreted by the cell are present in the medium 
about the cell and consequently appear in the filtrate. 

Intracellular Enzymes. These were definitely demonstrated 
by Buchner in 1897 He carefully washed fresh brewer’s yeast. 
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mixed it with sterile quartz sand, and ground it in a mortar. This 
ground mass was then transferred to a press cloth and subjected 
to a pressure of 90 kilograms per square centimeter. The juice 
which contained the enzyme was carefully collected and filtered 
through an earthenware filter to sterilize it. Action of this 
sterile filtrate w’as then tested on sugar. If zymase was present, 
sugar was fermented. To prove definitely existence of intracellu- 
lar enzymes the following: procedures must he carried out: 

1. Crush the yeast cells or grind with some materials such as sand. 

2. Fitter resuifing yeast juire through sterile filters which will remove the 
living yeast cells. 

3. Prove the absence of cells in the sterile filtrate to which fermentation 
might be attributed. 

4. Test the action of the zymase on sugar to determine whether it would 
incite fcFiaentatiQa. 

It is well known that certain foods cannot pass through a 
membrane such as a bacterial cell wall but yet are utilized by the 
bacterium. Before they can be used, they must be broken down 
into compounds which diafyze and pass into the cell. A food 
to be of any use to a cell must get inside. That is the purpose 
of the exti'accllular enzymes — to break dotvn (by hydrolysis) 
large molecules, which will not dialyze, to smaller ones, ^hich 
will. Energy liberated by these agents (exocnzymes) of the cell 
is of only indirect value; it is not formed in the cell but may warm 
the medium slightly. Reactions brought about by extracellular 
enzymes are analogous in some respects to those of digestion in 
animals Animals possess an alimentary tract, into winch is 
placed a great amount of food. Such food is not yet in the body, 
for the alimentary tract may be considered a tube running through 
the body. Food in this state cannot pass through the walls of 
the intestines; it must be hydrolyzed to simpler chemical com- 
pounds sometimes spoken of as solub/e compounds, although t c 
term soluble has a different meaning here from the usual one. 
refers to ability to pass through the walls of the intestines, n 
order to bring about hydrolysis, digestive juices, which con am 
'extracellular enzymes, are poured into the alimentary cans . 
These enzymes are peptase, tryptasc, and creptaso. They 
pose protein materials to simpler compounds; the latter la } 2 c 
through the intestinal wall into the blood which carries them o 
the cells. After they are taken into the cell, the endoenzj tnes a 
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Intracellular or endocnzymes, on the other hand, as the name 
indicates, do not pass out of the cell but remain inside and bring 
about those vital changes which are so necessary in the cell’s life 
Energy needed by the cell is gained from these internal reactions 
as are also the foods for construction of new tissue in growth and 
multiplication. Thus it is evident that intracellular enzymes 
bring about necessary decompositions. 


ExTRiCELLULAR 

(Exoenzymes) 

1 Act outeide the cell which 
secretes them. 

2 Hydrolytic 

3. Liberate small amouats of en- 
ergy 

4 Energy not directly useful to 
the cell. 


IVTlWCELLTJtAB 
(Endoenz^ MES) 

1 Act nithiQ the cell 

2 Oxidamg — reducing 

3 Liberate large amounts oi en- 
ergy 

4 Energy liberated within the cell 
— directly available 


The relationship of these two groups is illustrated by the fol- 
lowing steps in the decomposition of starch by enzymes. 

1. Amylase changes starch to maltose 

2. Maltase changes maltose to dexUose 

3. "Zymase” changes dextrose to alcohol 

4 Alcoholase changes alcohol to acetic acid which in turn may be burned 
to COa and HjO 

The first two changes are brought about outside the cell by means 
of enzymes. Starch must be broken down to soluble compounds, 
because it cannot enter the cell m its original state as starch. The 
last two changes occur inside the cell and are, therefore, the 
useful and important reactions 


CONSTITUTIVE AND ADAPTIVE ENZYMES 
Constitutive enzymes are those which an organism elaborates 
under all conditions of growth and respiration They are pro- 
duced by the organism, irrespective of the medium in which it is 
cultivated 

On the other hand, some organisms are capable of producing 
other enzymes, depending on the culture medium. These are 
adaptive enzymes. By such enzymes the organism is capable of 
utilizing a substrate not ordinarily attacked. For instance, 
Streptococcus lactis when grown in glucose broth does not ferment 
galactose. However, if the organism is cultivated in galactose 
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lyidi fatty acids. Consequently, when fats arc hyclrolyrcd by 
lipase, they react witli tlirec molecules of water to form elycerol 
and fatty acids. Tills enzyme is formed by many microorganisms. 
Clle-CirltaiCOa CfIrOH 

I I 

CII— CirHzrCOa + 3HOU + lipase = CHOH + SCirHsiCOOH 

CHc — C17H34CO2 (IlHaOH 

Protcinascs. These enzymes, which hydrolyze proteins to 
soluble forms and to amino acids, are found in many micro- 
organisms. Tliey arc extracellular enzymes which solubilize 
proteins in order that they may diffuse through the ceJJ walls. 
Animals contain a large variety of bacteria in the intestinal tract, 
many of which secrete protcinascs that will form soluble proteins 
which will diffuse through the intestinal wall and into the blood 
stream for further metabolism. 

Some protcinascs of animal origin arc important also in the 
animal intestinal tract. Four of these arc discussed here though 
tlicy do not bring about the same type of decomposition, 

Peptase is present in the gastric juice of animals. 2t acts on 
native proteins and demands a medium which is slightly acid. It 
changes proteins, proteoses, and peptones. 

Tryptasc hydrolyzes proteins to amino acids and acts best in 
an alkaline solution. It is secreted into the intestines. 

Ereptase hydrolyzes the peptones and some of the polypeptids 
to amino acids It cannot hydrolyze the proteins. It is an 
intestinal enzyme. 

Renmn is the coagulating enzyme of the stomach. It is» 
haps, less known under the names lab and chymosin. It 1 = 
prepared from stomachs of swine and after purification and con- 
centration is used in cheese making. Casein in milk is change 
into paracasein. The latter is a product of hydrolysis and there- 
fore has a smaller molecule. This is indicated by simple 
ments in every course in biochemistry. Addition of alkali to an 
acid curd will restore casein to its original condition, but wit a 
rennin curd this is impossible. , 

Oxidizing Enzymes. Many oxidizing enzymes arc known, an 
many others are postulated. Oxidizing enzymes function m 1 
making of vinegar, alcohol dehydrogenase o.xidizing a co 0 
acetic acid. 
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Simultaneous with oxidation, some compound is reduced. Dyes 
may act as the hydrogen acceptor and thereby become reduced to 
colorless leuco bases. Such a change is noticeable in litmus milk, 
where the blue color of litmus is changed to white at the bottom 
of the tube. It is also demonstrable with other dyes such as methyl- 
ene blue and resazurm. These tests are often used in the control 
of quality of fresh milk, for under standard conditions the lime of 
dye reduction is indicative of the bacterial content of the milk 
Enzymes in the Alcohol and Brewing Industries. Yeast is 
unable to ferment starch until it is hydrolyzed to fermentable 
sugars. The a- and /3-amylases of malt are employed to sac- 
charify gelatinized starch of the gram to glucose and maltose 
which are fermented by yeast to alcohol 
Considerable interest is being shown in the use of mold amylases 
for this operation. The mold is grown under controlled condi- 
tions on a medium of moist bran until maximum amylase activity 
is produced, and then the nhole product is carefully dried to 
preserve the amylases. This product is known as "mold bran ” 
Mold amylases are used m the “amylo process” for alcohol pro- 
duction from starchy materials, wherein the mold is grown in 
the Btarch-contaming medium, or mash, until sufficient sacchari- 
fication has taken place Then the yeast is added, and the 
alcoholic fermentation is continued to completion 
Enzymes ia the Textile aod Paper Industries. Amylases are 
also widely used m the textile and paper industries. Starch is 
often used as a sizing agent, that is, an agent which n ill strengthen 
the fiber and lubricate it during the fabrication processes. 
Amylases modify starches to make suitable sizing agents, and 
then again to desize the matenal following fabrication. 

Enzymes in the Food Industry. Enzymes are used in several 
places m the food industry for bringing about desirable changes. 

Clarification of Jellies and Fruit Juices by Enzymes. Manu- 
facture of beverages and vinegar from apples leaves a waste 
material known as pomace. Dried pomace may contain 10 per 
cent of pectin which is easily extracted with hot water. This 
pectin is used for making jelly but &vcs a product which is turbid 
because it contains, among other materials, starch protein and 
insoluble pectins. Filtration will not remove this turbidity but 
enzymes will. The enzyme which will do this is derived from the 
mold Aspergillus oryzae in whose mycelium it is formed after the 
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fungus has grown for a sufficient time. The enzyme is extracted 
with water and shows marked ability to hydrolyze starch and 
protein. In this manner the jelly is cleared because all constitu- 
ents which cause turbidity arc removed. 

Rennin in Cheese Making. In order to make cheese, the casein 
of milk must be coagulated or clotted either by natural souring or 
by use of rennet, a commercial preparation of the enzyme rennin 
prepared by extraction of the calPs stomach. The curd is then 
acted on by microorganisms to produce the desired flavor. 

Invertase m Chocolate Creams. Bursting or explosion of 
chocolate creams is a phenomenon causing candy makers con- 
siderable loss at times. One cause is growth of microorganism 
m the fondant which consists of syrup enveloping closely packed 
particles of microscopic crystals of sucrose. Each sugar crystal 
is believed to have a film of syrup about it. If the syrup is 
sufficiently concentrated, spoilage microorganisms cannot grow. 
To accomplish this the enzyme invertase is added to the fondant. 
It inverts some of the sugar, thereby forming a heavier syrup 
which interferes u'ith the activity of spoilage organisms. 

Enzymes in Meat Tenderizing. Following death, animal tissues 
undergo a partial autolysis by enzymes contained in the tissue. 
Tenderizing of meat is thus accomplished. Papain, a proteolytic 
enzyme in papaya juice, has been used. Commercially prepared 
papain concentrates were used. Broraelin, a similar enzyme in 
pineapple juice, is as effective and has a more desirable odor. 
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CHAPTER 17 


NITROGEN METABOLISM (CYCLE); SULFUR 
METABOLISM (CYCLE); CARBON METABOLISM 

Occurrence of Nitrogen. About 80 per cent of the ntraosphero 
is nitrogen. It is also found dissolved m water and m many 
compounds in the soil Such nitrogen is spoken of as free nitro- 
gen in contrast to fixed nitrogen; the latter is in the form of salts 
such as nitrates, nitrites, and annnowum compounds. Large 
deposits of fixed nitrogen are not abundant. The best known are 
the Chile guano deposits containing vast amounts of nitrogen in 
different forms. Slosson (1923) stated that, since their discovery 
in 1809, 53,000,000 tons of sodium nitrate, “saltpeter,” have been 
removed. Predictions arc that this deposit is giving out and that 
we must accordingly look chcwhcrc for large ainuunts of nitrogen 
It is no nondcr tliat scientists turned to the atmosphere m an 
attempt to fix tins incomprehensible supply. In this book we 
need not be especially concerned with all the methods which 
man has used for taking nitrogen out of the atmosphere but 
mainly with those methods which arc microbiological in nature 

Above each acre of land arc about 75,000,000 pounds of nitro- 
gen, a supply which is alw'ays available and which should be 
utilized. There are about 8 5 metric tons above each square 
yard of land Hopkins stated that the brown silt loam of 
Champaign County, 111 , contained only 4760 pounds of nitrogen 
per acre; a 100-busheI com crop for gram alone required 100 
pounds of nitrogen The nitrogen supply, then, is sufficient for 
only 47 years On account of this there must be some method 
of replenishing it Here is one of modem agriculture’s greatest 
problems. Slost nitrogen m the soil is in the form of organic 
matter. This residual stock is altered in many different ways 
Some of it IS removed m the crop, some is washed away by 
drainage water, and some goes into the atmosphere by bacterial 
changes which arc discussed mtliis chapter. 
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Significance of Nitrogen for Life. Nitrogen is a very iinpor- 
tant element for living organisms. It is required by all forms of 
life for growth and repair. Nitrogenous compounds are present in 
all kinds of living tissue. According to Lotka, the proportion of 
nitrogen to carbon in the human body is 1 : 3, and in the atmos- 
phere 5500 : 1. 

The Nitrogen Cycle. Cycles are used to show relationship of 
various stages through which compounds of elomenfs such as 
nitrogen are made to pass by various agencies. All arc founded 
on the same principles. The cycle shown here is adapted from 
one given by Fowler in his “Bacteriological and Enzyme Chemis- 



Fio 00. Nitrogen Cycle. (Adapted from Fouler) 

try.” Examination of it will reveal that nitrogen may follow 
one of two paths It may remain fixed on the surface of the 
earth, or it may travel a longer circuit or cycle and pass into the 
air, to return later to the earth by any method of fixation. No 
single group of living organisms is more concerned witli forcing 
nitrogen along its path than any other. Every microorganism 
plays a role. Bacteria arc, perhaps, more active in taking nitro- 
gen from the atmosphere than other organisms. Continual mo^ c- 
ment of elements is necessary, else they will accumulate in some 
form and be removed from circulation. Unless a new suppy is 
continually formed, that which exists must be kept in circulation. 

fixation of Atmospheric Nitrogen, This is a fitting place a 
which to start discussion of the nitrogen cycle since 
that tremendous supply of nitrogen in the atmosphere. c erm 
fixation in this case means changing of free nitrogen of the a mo 
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phcre to the fixed state It means, then, removal of nitrogen from 
the atmosphere and its fixation on the earth where it becomes 
subject to chcmjoaJ changes of man and animals IVorld ^Var I 
greatly stimulated interest in various possible methods of nitro- 
gen fixation. ^Varring nations found it necessary to hax'e an 
abundant supply of the element at low cost without hazards of 
shipping from country to country Consequently, they turned to 
the atmosphere and perfected methods of chemical fixation. 

Outline of Methods of Nitrogen Fixation. It is best to take a 
broad view of the ^^ho^e subject of nitrogen fixation and, at least, 
mention the more important methods These are grouped under 
two main headings, the chemical methods and the biological 
methods. The chemical methods arc mentioned only because 
they supplement the biological methods 

I Chemical Methods of Fixation or Securing Pure Nitrogen. 

A Burning pho.«phoru3 m confined air. 

B Distilling liquid air 

C Electrolytic fixation 

D Fixation by silent electric discharge 

E Fixation by Haber*Claudc process (direct union of N and 11 under 
pressure) 

II Biological Fixation. 

A. By fungi 

B. By bacteria 

1 Nonsymbiotic 

(a) Aerobic method 
1 Asotobacter 

(b) Anaerobic method 

1 Clostridium pastcunanum, etc. 

2 Symbiotic fixation 

(al Rhizobium legummosarum 

CHEMICAL METHODS OF NITROGEN FIXATION 
Man is dependent on on abundant supply of soil nitrogen com- 
pounds for the production of food Annually crops are estimated 
to remove 5,5(X),000 tons of nitrogen from the sod of American 
farms while other losses such as pasturage, drainage, and erosion 
increase the annual loss to 8,400,000 tons For continued soil 
fertility nitrogen compounds must be replaced It is estimated 
that only 4,700,000 tons are replaced annually Of this, 3,000,000 
tons are credited to bacterial nitrogen fixation, only 400,000 tons 
to fertilizers, and the remainder to rainfall. 
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Pure nitrogen may be prepared by several methods such as 
fractional distillation of iiqueded air or from water gas. Ele- 
mentary nitrogen is converted by chemical-fixation methods to 
compounds of value in agriculture and chemical industries. One 
of the first methods, producing nitrogen oxides, was the arc process 
of Birkcland and Eyde in Norway in 1904 accompanying the 
development of low-cost hydroelectric power. This method is 
now obsolete. The cyanamidc process, introduced in Germany in 
1897, remains important It depends on the fact that calcium 
carbide readily absorbs nitrogen gas to form calcium cyanamidc, 
a valuable fertilizer. By further treatment it may be converted 
to cyanides and ammonia. The most economical processes for 
nitrogen fixation involved synthesis of ammonia from elementary 
nitrogen and hydrogen by means of high-pressure high-tempera- 
ture catalytic reactions. The methods now used arc refinements 
of the original Habcr-Bosch process. The Haber process was 
conducted at 200 atmospheres pressure and a temperature of 
550®C. Other modifications employ pressures up to 1000 atmos- 
pheres. One form of catalyst is granular iron oxide containing 
small amounts of potassium and aluminum oxides. 

Chilean nitrates have been valuable sources of nitrogen com- 
pounds, but in the face of low-cost synthetic products from the 
elements the source is of lesser importance today. 


BIOLOGICAL METHODS OF NITROGEN FIXATION 

These are in sharp contrast with the chemical methods, both 
with respect to the mechanisms involved and the amounts o 
nitrogen fixed. Although some of the fungi are known to be ab e 
to fix nitrogen, the amounts are so small in comparison vi 
amounts fixed by bacterial species mentioned here, that they v i 


not be discussed at any length. , 

Nonsymbiotic (Asymbiolic) Fixation of Atmosphenc i 
gen. This metliod differs from the symbiotic method m tha 
there is no cooperation of organisms in partnership an , 

as in the symbiotic method. In 2685 Berthelot repo e 
nitrogen increased in soils that were not being cuUiva e • 
on, Winogradsky isolated several bacteria which cou 
nitrogen from the atmosphere and fix it for the use P 
Still later, Beijerinck made distinct contributions to mov. 
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Aerobic Nonsymbiotw Fixation Winogradsky and Beijerinek 
both isolated aerobic bactena which could fix nitrogen alone. 
Beijerinek described a large aerobic organism to which he gives 
the generic name Arotahacter. He sas tinder t/tc impression that 
Azotobacter had to have some other bactena present This was 
finally disproved and he demonstrated that nitrogen could be 
fixed alone in pure culture. Azotobacter chroococcum, Azotobac- 
ter agilis, Azotobacter vinelandn, and Azotobacter Betjennckii 
are representative members of the genus This method of nitrogen 
fixation h called azofication. The term is not a good one, since 
from the Latin constituents it means the making of nitrogen and 
not the fixation of nitrogen. 

Energy relations of those organisms arc especially interesting. 
Fixation of nitrogen is an endothermic reaction. Bacteria have 
to secure energy from other compounds. Since they have no 
chlorophyllj they cannot use energy in sunlight and, as we have 
learned before, must resort to chemical decomposition of large 
organic molecules. Carbohydrates or sugars arc the best energy- 
yielding compounds Numerous students have reported the 
amount of nitrogen fixed per unit of carbohydrate used. Azoto- 
bacter vinelandit has been reported to fix between 15 and 20 milli- 
grams of nitrogen for every gram of mannitc used for energy. 
The amount fixed, of course, vanes greatly with the species and 
other conditions. 

i4naerobic Nonsymbiottc Nitrogen Fixation. Certain anaerobic 
bacteria can also take nitrogen from the atmosphere. Clostridium 
pasteurianum is a member of such a group of organisms They are 
widely distributed m soil and will grow under anaerobic conditions 
in presence of carbohydrates and certain mineral matter 

Energy relationships of these organisms are also interesting. 
Anaerobic nitrogen fixers are not so efficient as aerobic Azoto- 
bacter. Winogradsky reported that Clostridium pasteurianum 
would fix 2 to 3 milligrams of nitrogen for each gram of sugar used 
for energy. 

Fixation of Nitrogen by Higher Plants and Fungi. Some of 
the higher plants, such as yeasts and molds, have also been found 
to fix nitrogen; the amount is so small in comparison nith the 
other methods that it is insignificant- It is also cjuilo possible 
that the technic used with these other organisms is not above 
question. 
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Symbiotic Fixation of Atmospheric ifitrogen. Certain Lcgu- 
minosac have been used for centuries ns soil improvers. It was 
known tliat they did something to soil which made it more suit- 
able for crops which followed them. Roman farmers observed 
that beans enriched soil; they plowed lupines under for further 
enrichment. The history of this work need not concern us to 



Fia. 91. Red Clover; Effect of Nitrogen-Fixing Bacteria. No nitrogen in 
the eoil of either pot. {After Hopitns, 190i) 


any extent; its importance, ' however, justifies a little space. 
Thought and study were given to solution or the question of just 
how legumes were able to enrich the nitrogen supply in soi • 
Finally it was revealed that nodules on roots of these plants ha 
something to do with this process. Woronin (1866) foun 
that bacteria w’erc present in them but also explained them as 
pathological processes. Later it was found that sterilization o 
soil inhibited formation of nodules, thus indicating 
w’cre biological in origin. A distinct contribution was ma e 
Ward, the great English botanist, who found that he cou , 

late roots of young legumes by placing them in contact wi 
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nodules. In Germany soy beans could not be gro«-n until some 
soil from their natural habitat had been used and allowed inocu- 
lation It was Soon evident that the cause of nodule formation 
came from outside the plant Discovery of symbiosis between 
the bacterium and the plant is probably due to the work of 
Hellricgel and Wilfarth They found that sterilization of soil 



Fio. 92 Showing Cowpea Root Tubercles, Natural Size. 
(After Hopktn*, JS04) 


caused legumes to grow as nonlegumcs and eventually to die of 
stan^atwn. Thus this great provision of nature to maintain a 
supply of nitrogen in the sod was revealed. Since these reports, 
an endless line of experiments has been continued to find out more 
about this relationship 

The amount of nitrogen fixed by bacteria is enormous. 
Whiting and Fred stated that, if 10 per cent of cultivated land m 
the United States had been m leguminous crops in 1924 and the 
average fixation had been 50 pounds per aero, 925,000 tons of 
nitrogen would have been taken from the air Tins indicates 
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that the growing of leguminous crops is indeed a cheaper source 
of nitrogen than arc thc'commercial fertilizers. 

Nodule [Tubercle) Formation, A^Tien proper bacteria arc 
brought into contact with proper legumes, nodules or tubercules 
appear on the roots of the plants. In them are found the bacteria 
which take nitrogen from the atmosphere and make it available 
to tlie plant. Nodules appear quite early on the plant and are 
very small at first. 



Fig. J?3. Shelving the Effect of Inoculatioa of Legumes m'thNhrogpn-Fning 

Bdctcria. Vines from a /icid where peas Iiad not been grown before, (d/ler 
U’/n'linff, Fred, and Stetena) 

Symbiotic Nitrogen-Fixing Bacteria: The Genus Rhizobium 
Discov’ery of bacteria in nodules, as the little projections on root- 
lets of legumes are called, resulted from painstaking research. 
Although several previous investigators may have seen the bac- 
terium, or thought they did, it remained for Beijerinck, a Dutc. 
bacteriologist, to isolate a pure culture and determine its c ar- 
acteristics. Beijerinck suggested the name Bacillus rodicico a. 
This name was widely used by many writers until it was pointc 
out that Frank, a German bacteriologist, had previously sugges e 
the name Rhizobium leguminosarum, although it is d^ite 
that he did not have the right oi^anism. On the basis o prion ^ 
Frank’s name is now accepted as the proper one to be 
is recognized in recent classifications of bacteria. An m ere. 
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point in nomenclature is. thus bruuRlit out that the first name 
given to a microorganism carries more n eight tlian names vhich 
may come later, even though the former name may have been 
based on inadequate obser\’ations Some six members of the 
genus Rhizobxum arc non recognized All of them are capable 
of fixing atmospheric nitrogen in symbiosis with plants. Cultures 
show many branching forms 



Fio. 94. Shoning the Effect of Inoculation of Legumes with Nitrogon-Fixing 
Bacteria {Courleiy Vrbana Labc'oionea, £/r6ona, III.) 


Note the leant growth of the pUnta in the two lowe at the left which eere uninoeulated. 
Theae plant* were atarved tor mtrogen The ebuodaot growth ot the plant* la the rowg at 
the right la dua to the fact that their roots carry many nodvdei in which nitrogea-fiaing 
bacteria bve. 

Relation of the Organisms to the Plant. What the relation of 
bacteria to the plant is depends on how the situation is interpreted. 
Since two organisms living in close proximity are involved, one 
need not be surprised to Icam that different explanations have 
been given the phenomenon. 

Parasitism. Some have suggested a case of parasitism, the 
legume being the host and the bacterium the parasite. It is 
a situation in which one living organism exists on another. 
Both organisms are benefited, however, usually not the case in 
parasitism. 

Mutual Symbiosis. This seems to be the most reasonable 
explanation. The relation of the txio organisms is a partnership 
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profitable to botli forms. "Whiting has defined mutual symbiosis 
as the contiguous association of two or more morphologically 
distinct organisms not of the same kind, resulting in an acquisition 
of assimilated food substances. This definition implies that the 
organisms concorned have the power of independent existence, but 
that both arc benefited by the close jjssociation. The question 
may be asked how one organism benefits the other in this ease. 
Mere living together would hardly explain it. It is explained by 
the fact that the bacterium secures carbohydrates from the plant 
and in return gives the plant the nitrogen whicli is so necessary 
for its growth. In contrast to nonsyinbiotic methods of nitrogen 
fixation, the symbiotic method is a constructive one since organic 
matter is bound to increase in soil. 
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Soil Transfer Method Fields which have not grown the 
legume may be inoculated with the desirable bacteria if some soil 
(leguminous earth) from a field which has grown legumes is 
spread over the new field When seed 
is sown on such a field and germinates, 
the young plants soon encounter the 
bacteria. This method is less direct 
than the culture method m which tlie 
bacteria themselves arc applied di- 
rectly to the seed.* The transfer of 
sufficient soil from an old field to a 
new one may also be more incon- 
venient. 

Culture Method. Bacteria which 
are isolated from nodules on roots of 
legumes may be grown in pure culture 
on laboratory media and distributed 
to the farmer in this way. The organ- 
isms are grown on special agar media 
in flat bottles which are shipped to the 
farmer, He washes the growth from 
the surface of the medium Such cul- 
tures prepared by reliable laboratories 
give good results when applied directly 
to the seed. When the bacteria are 
applied to the seed, they arc ready to 
infect the rootlets of the young plants 
during the early stages of growtii and 
thus make atmospheric nitrogen avail- 
able. This gives the plant a start 
uhich it might not enjoy if natural inoculation were relied upon, 
for the rootlets would have to wait until they had come m contact 
with the bacteria in the soil. Thus growth is delayed. One of 



Fio. !)C Showing a Bottio 
of Culluro for InocuUfion of 
Alfalfa or Sweet Clover 


lA, ,oon .» ,t h,d b,com. finnly Mt.blol.ed th,,l mooulbbon ot t.ich 
,eed CMSd ,ntr,a..» m nop j.dda, commOTul pr.parat.m, appeared o. 
the arartrt, Maay ot them tvere tmad Uto to be aortl.le^ .mee they 
would uot bnns about the formation of nodute on legume-, ^ 
lest for a bacterium which » udyerliaed as fiamg nitrogen symbiolicany. 
This mluation is not greatly d.Barent from that of ehemmsl 
and so-called patent mcd.emes Some Hates have been dnien to pa.-.ng 
Icgutatloa for coutrolhng such preparations. 
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the older methods for getting bacteria on the seed was the 
so-called glue method devised at the Illinois Agricultural Experi- 
ment Station. About two handfuls of glue were dissolved in a 
gallon of water. After it had been cooled, this was sprinkled over 
the seed at the rate of one pint per bushel. After being stirred, the 
leguminous earth in dry pow’dcr form was sprinkled over the seed 
and stuck to the seed. Recent practice indicates that glue is 
not necessary for bacteria to adhere to the seed sufficiently well 

It is apparent that to secure good inoculation proper bacteria 
should be used and the culture should be strong and healthy. 
Inoculation methods received some criticism because in the past 
agriculturists were given poor cultures. Attempts at inoculation 
were unsuccessful, and because of this the whole sj’stem was 
regarded as questionable. Reliable laboratories that produce 
good cultures exist today. 

Are There Different Species of Legume Bacteria? Evidence 
points to the conclusion that different varieties of legume bacteria 
exist. Planting certain legumes on a field that has not grown 
them or certain closely related forms may not result in natural 
inoculation and good nodule formation. Legumes have been 
arranged in inoculation groups. The same bacterium will infect 
the members of one group but will rarely infect members of other 
groups. Some of these groups are: 


Group 1 Group S 

Red clover Cow pea 

Mammoth clover Lima beao 

Crimson clover Peanut 

Alsike clover Lespedeza 

White clover Velvet bean 

Group 4 
Garden pea 

Gmup 2 

pea 

Alfalfa Hairy vetch 

Sweet clover Spnng vetch 

Hubam Sweet pea 


Group 6 
Say bean 

Group 6 
Na^'y bean 
Kidney bean 
String bean 
Wax bean 

Group 7 
Dalea 

Group 8 
Lupine 


It may be noticed that sweet clover and alfalfa bacteria 
same group, and will “cross-inoculalc.” These ace 
probably quite widespread in nature “ j,.i„„„,„tiag 

clover along highways and railroads, the oacie 
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plants in the other groups arc not so common, and the agriculturist 
may have to resort to artificial inoculation to secure good nodule 
formation. 

Soil bacteriologists have also found that it is important to study 
strains. Not all strains of bacteria arc as active as others 
Experiments must be constantly in progress to keep strains active 
and replace v.’ith active ones those which have weakened 



Fig 97. Showms Comparative Ylold. Produiwl by Different Strains of 
Bacteria for the Inoculation of Soy Beans (C<«rt«v Vrlxm„ ioboratomr, 
VrbaJia, III > 


How is the Nitrogen Transferred to the Plant? Different 
explanations have been offered Perhaps none of them is correct, 
or perhaps they are all correct to a certain extent One explana- 
tion suggests that bacteria) cells are absorbed by the plant. In 
this manner the organic nitrogenous matter ol the bacterial cells 
IS used by the plant It is made available to the plant perhaps 
after the bacteria have died. The bacterial cells may d.smtegrate 
and the constituents therein be used by the plant. Another 
explanation is that the bacteria grow m the plant and excrete 
nitrogenous matter which is taken by the p ant. ... 

A recent investigator has shown that ammo ad* m»y b' 
intermediate chemical compounds involve . ne a o 
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total organic nitrogen excreted rrom the nodules of leguminous 
plants was found to be f-aspartic acid. The other half was shown 
to be ^-alanine, a secondary decomposition product of aspartic 
acid. Fixation of atmospheric nitrogen has therefore been postu- 
lated to occur quantitatively as follows: 

oxime of 

Atmospheric— —^hydroxylamino—^acotic—^aspartio acid - 
nitrogen ncid 

It was shown that excretion of amino acids is from the nodules 
and not from the roots. 


NITRIFICATION 

Nitrification is that part of the nitrogen cycle which involves 
oxidation of ammonia to nitrites and of nitrites to nitrates 
by nitrifying bacteria. The following equations illustrate the 
cimnges: 

1. 2NH, + 00 = 2HN0, + 211:0 (nitritation) 

2, 2HN0j + 20= 2IIN0j ^ffitritation) by ^^itrohaeter 

The bacteria involved in nitrification are members of the family 
Nitrobactcriacac described on page 122. These arc autotrophic 
bacteria which arc primitive in their metabolism in that they are 
able to use simple foods. Those which oxidize ammonia to 
nitrites (nitritation) arc of two genera, Nitrosomonas and Ah’/ro- 
80 C 0 CCUS. Nitrites arc oxidized to nitrates by members of the 
genus Nitrobactcr. 

After the process of nitrification bad been well established and 
was supported by results of many investigations, attempts were 
made to learn the driving forces behind it. At first it was 
believed to be purely a chemical change. The role of the afore- 
mentioned bacteria was revealed by careful logical experimen s. 
Pasteur was probably the first to suggest that nitrification was 
biological and not purely chemical. Some 15 years 
German bacteriologists, Schlucsing and Miintz, showed tha i u e 
ammonia solutions were oxidized to nitrates by being 
through a tube of soil. All of the nitrogen os ammonia cou 
accounted for in the nitrate This showed that some ^ 

present in the soil in the tube which was :-ai 

When the soil in the tube was sterilized by heat ana ^ 
disinfectants, the ammonia went through the tu e 
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being oxidized, sliowing that the oxidizing agent was destroyed. 
Rcinoculation of the soil in the tube with fresh soil restored its 
oxidative ability. These experiments established the biological 
nature of nitrification. Isolation of the bacteria involved now 
remained. Although many investigators tried to do this, it 
remained for ^Yinog^adsky m 1890 to succeed Failure of earlier 
workers to do this vas due to U'C of wrong culture media in which 
nitrifying bacteria could not grow. 

The aforc-mentioned bacteria oxidize ammonia in two stages. 
Kascrer described a bacterium liaciUus mtrator which oxidized 
ammonia directly to nitrate according to the folloivmg equation: 

NHa + H 2 CO 3 + O 2 — > UNOj + H 2 O + CllaO - 41 Cal. 

Cn,0 + 0, — IltCO ,+ 132 Cal. 

Necessarj’ onergj’ for the oxidation comes from oxidation of 
formaldehyde. Existence of this bacterium has been doubted 
by many. 

Nitrification is an interesting biological process in relation to 
the world’s constant need for nitrates Vast amounts have been 
needed througli hundreds of years for manufacture of gun powder. 
Later it was found to be important in agriculture. Higher plants 
must have nitrates because they cannot use nitrites. Progressive 
agriculturists have, in general, found it best to operate their land 
BO that needed plant foods would be built up in tlio soil. Other- 
wise they must be purchased and added to the soil, a far more 
expensive process. 

There have been attempts to make nitrates by microorganisms 
under controlled conditions in large enough amounts to be sig- 
nificant. These have not been very successful Such attempts 
always present problems such as adequacy of raw materials, the 
right microorganisms, and ability to recover the product at a 
cost which will compete with other metliods. 

denitrification 

Denitrification may bo defined as reduction of nitrates to tree 
ammonia, oxides of nitrogen, or free nitrogen. It is, therefore, 
just the opposite of nitrification. The two processes are com- 
plementary. If denitrification were impossible, much of the 
nitrogen on the earth’s surface would appear as nitrates, be 
washed into rivers, and finally accumulate in the ocean Denitri- 
fication prevents this. 
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The terms nitrate reduction and denitrificntion are sometimes 
used synonymously. The latter term, denitrification, should 
probably be restricted to decomposition of nitrates and nitrites 
to free nitrogen. Nitrate reduction would involve simply the 
reduction of nitrate. Many common bacteria reduce nitrates. 
Tliis ability is one of the characteristics by which bacteria species 
arc differentiated. Some of the first denitrifying bacteria to be 
isolated were Baalliis denitrificam, a and J3. The following 
equations illustrate how the reduction may occur; 

2HNO3 2HNO2 + Os 

4HNO,— ^2HjO + 2 N 2 + 30, 

HNO* + H,0— > NH, d- 20, 

Bacteria denitrify in order to use the oxygen for their own needs. 
They may use it to oxidize other compounds. Denitrification 
would be expected to take place most readily under anaerobic 
conditions or where oxygen supply was reduced. 

Denitrification may be important m some soils since it may 
result in a loss of nitrates, plant foods, and also in formation of 
nitrites which arc toxic to plant life. Generally speaking it is ' 
of less importance than other parts of the nitrogen cycle. 

One place where it has been important, is in preparation of 
cured meats. Saltpeter (sodium nitrate) has been added to 
curing solutions so that meats would have a red color. It must be 
reduced to sodium nitrite first, however. Bacteria have done 
this for the meat packer. Now meat packers are adding a little 
sodium nitrite as such to start the reddening. 


AKMONIFICATION 

Ammonification is the production of ammonia from 
substances. Bacteriologists, especially those primarily concern 
with soil bacteriology, have been prone to consider it 
tion of ammonia during decomposition of organic su tances 
The name means to make ammonia, irrespectivfe of t ic 
Practically all microoganisms decompose proteins an m 
ammonia. . 

Ammonia Formation From Inorganic Compow 5. , 

is one of the end products of denitrification. This is 10 o 


reduction. , r'/imnlcv 

Ammonia Formation from Organic to 

organic compounds such as proteins must first e > 
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simpler compounds by such a process as putrefaction This 
hydrolysis occurs through the proteoses, peptones, polypeptides 
and finally the amino acids, decompositions of which are discussed 
here. 

decomposition op proteins— putrefaction 

The term putrefaction is generally restricted to the decomposi- 
tion of proteins and the split products of proteins. It is often 
distinguished from fermentation, which may be considered as 
decomposition of carbohydrates. This distinction is perfectly 
arbitrary. 

Putrefaction or Anaerobic Decomposition of Proteins. Most 
typical putrefactions are anaerobic. Tlie products are left in an 
unstable reduced condition Such products usually have bad 
odors and cause nuisances They include indole, mercaptans, 
hydrogen sulfide, and ammonia. Products oi anaerobic decom- 
position of proteins are usually incompletely oxidized since they 
are formed under conditions where oxygen is not available for 
oxidation. The putrefaction bacteria are many. Among the 
more common ones arc Clostridium putnficum, the membera of 
the proteus and coliform groups Members of the last-mentioned 
group are inhabitants of the intestines Practically all bacteria 
are putrefactive in nature since they hydrolyze proteins. The 
criteria of typical putrefaction have been expressed as folona 
by Phelps: 


1 Development of offensae odors 

2 Formation of black sediment or residue. 

3 Reduction in amount of di'aolved or free oxygen 


4. Reduction in amount of available oxygen 
5 Increase m carbonaceous (oxidiaable) matter. 

Putrefaction and fermentation have general characteristics m 
common Both involve decomposition of large molecu es, and 
both yield products vhioh are useful to the ceil. Both yield 
energy but the amount may be much greater from ermen ^ 
of carbohydrates. From a practical viewpoint development of 
oSensive odors, is important. They cause nuisances jhen they 
result fiom decomposition of sewage m streams an m 
necessary for cities to construct sewage-treatment plants. 

Anaerobic bacteria are especially destructive of “ 

much so, in fact, that many of them are ca e p 
anaerobes. Their physiological economy is such that they h 
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to decompose great amounts of food in order to secure energy. 
Aerobic bacteria leave much of their food incompletely oxidized 
in large molecules which still contain much energy (acetic acid, 
lactic acid, acetone, and so on), whereas anaerobic bacteria oxidize 
completely to COj, H, 0 , NOj-, SO4 and thus get practically 
all of it. 

Decay or Aerobic Decomposition of Proteins. Decay is a term 
used to signify aerobic decomposition of proteins. It diners 
from putrefaction mainly by the state of oxidation in which the 
products are left. Since decay is an aerobic process, the products 
are completely oxidized to stable conditions. Where hydrogen 
sulfide is a product in putrefaction, the sulfur would appear as 
SO* — in decay, and ammonia as nitrates. 

It is important to point out, without reviewing the experiments, 
that bacteria arc unable to decompose pure native proteins. By 
this IS meant pure washed proteins such as edestin and zein, which 
have been prepared by roost careful technic and added to pure 
inorganic media. It seems necessary that simpler substances be 
present for the initial energy and growth requirements of the 
microorganisms. When growth has started, sufficient enzymes 
are secreted with which the protein molecules are decomposed. 
Experimental evidence is also available to show that peptones 
and proteoses arc just as resistant as arc proteins. 

Decomposition of Protein Split Products, Proteins are such 
complex substances that many so-called split products, or decom- 
position products, are possible. Proteoses and peptones may be 
decomposed into amino acids and a host of other compounds. 
The protein molecule breaks down through the following stages. 
Proteins, proteoses, peptones, polypeptides, and amino acids. 
Destruction of a number of these compounds in bacterial incta 0- 
lism has been discussed in several different places in this • 
Since certain products resulting from putrefaction of amino aei s 
are used by bacteriologists for following bacterial changes m 
media, it is proper, perhaps, that their origin be explaine . c 
may be concerned with the products of just those amino aci s 
of special interest to bacteriologists; such as tyrosine an 
trj’ptophanc. _ , , 

Before wc discuss decomposition of specific ammo aci s, 
ever, some of the general reactions by w’hich all may 0 cco 
posed might be given 
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Chemistry of putrefactive changes was studied in the early days 
by bacteriologists interested especially in intestinal bacteriology. 
Straight-chain acids are among the first to be attacked The 
basic chemical reactions are as foUow>. 

1 Deatmnuation {Deamination) This reaction results in the 
formation of fatty acids and ammonia A fatty acid is secured 
with no reduction in the number of carbon atoms. The reaction 
may be illustrated with one of the simplest ammo acids, glycocoll 
(glycine). 


H 0 

H— C— C— OH 
1 

NH: 



2. Dficarfaoiylation. In this reaction the chain is shortened 
since a carbon atom \s removed. The products are carbon dioxide 
and an ammonium base. Many of the ammes isolated from 
putrefaction mixtures by early chemists originated in this man- 
ner. The allegedly poisonous properties of such mixtures were 
attributed to these amines Tlie reaction may be illustrated with 
glycocoll. 

HO H 

H-i- 

I I 

NH, NH, 

3 Combined Decarboxylation and Deaminization. Harden 
pointed out that the aminodicarboxyhc acids are subject to 
decompositions of combined decarboxylation and deaminization 
The products are monobasic nonnitrogenous acids. Harden illus- 
trated the decomposition with aspartic acid 


q^OH H-C— H + COa 


H 

H— i— COOH 
H— C— COOH 


H H 

C^OOH + NHa + COa 

1 1 


NHa 

Aepartic acid 


Fropiooic aad 
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4 . Oxidation of a F atty Add. This reaction results in a shorter 
chain also, since the products are carbon dioxide and water. It 
may be illustrated with acetic acid. 


H O 

H— G— C— OH O — ^ CO 2 + H 2 O 
H 


Oxidation of an arnino acid might take place as follows; 


CH 2 NH 2 COOH + 0—^2002 + H 2 O + NH 3 
Putrefaction is characterized by formation of \’arious malodor- 
ous compounds. Some of them originate in amino acids Among 
them indole has a prominent place. Its formation may be shoTvn 
as follows; 


NH2 

-C-CH 2 — CH— COOH 

J| desmiMtion 

/CH * 



:-CH2-CH2-C00H 




H 

lodolpropiorue fiod 


CHa 



I 

H 


Skatol 



H 


Another amino acid usually thought of in j 

sine. The end product in putrefaction of tyrosine is p 
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amino acid also pivos compounds on decomposition which are 


malodorous. 



OH 

on 

OH 

1 1 deimination 

1 'j uxidstiun 

1 1 decatboxyUUon 

y 

cno 

1 

CH2 

1 

( 

cn2 

CHz 

1 

CHNH2 

1 

1 

coon 

COOH 

COOH 



propionie teid 


p-IIidroTjph^nyl 

proptcrVklc 

p-Hjdroxyacetio *eid 


OH 


OH 


CHs 

P>Cre*ol Phenol 

Summary of Kltrogea Cycle. Nitrogen is forced through its 
cycle by different forms of hfo Of these, bacteria are especially 
important. Nitrogen makes up 80 per cent of the atmosphere; 
this nitrogen is available for plant life after it has been fixed by 
bacteria. Plants may be eaten by animals and the nitrogen 
either built into animal protein or excreted as ammonia, urea, 
and similar products Or if plants are not eaten, their bodies 
fall to the earth where nitrogen is liberated by putrefaction, 
denitrification, and ao on. In all the changes discussed under 
the nitrogen cycle, much energy is involved although nitrogen 
compounds are generally looked on as growth foods rather than 
energy foods 


the sulfur cycle 

Sulfur is in a different cntc^iy from 

but a small quantity; and there IS enough in or 1 ^ 

requirements, so that there is no pro em in common 

adequate supply. The sulfur cycle has some pom s m common 

with the nitrogen cycle and also some nitrates in the 

take up sulfates from the soil just as they ta e p 
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nitrogen cycle. Hydrogen sulfide, like ammonia, may be oxidised 
to sulfates, although the process is not knon-n to take place in 
two stages as does the oxidation of ammonia. Sulfates, like 
nitrates may also be reduced. The sulfur cycle differs from 
the nitrogen cycle in that sulfur is not ordinarily found in the 



Fio. 9S. Sulfur Cycle. (Afier Bunker, 1936) 

Besides the niaia cyeJe, there are two eubeidtair cycles; m one sulfsiee are directly redue^ 
to sulfides without formation of latemiediary fonnation of orgacio auVur compounds, and ta 
the other direct reduction of eulfur to hydrogen sulfide takes plaee. 


atmosphere. Sulfur raetabolism may be discussed from the 
standpoint of hydrogen sulfide formation and oxidation. 

Production of Hydrogen Sulfide. This is a common product 
of putrefaction, and its odor along nith the odors of other reduce 
compounds gives putrefaction its bad reputation. Formation o 
this substance takes place in two ways. It may be forme m 
protein by hydrolysis or by reduction of sulfates. It is 
in the human alimentary tract and when absorbed may c 


Hydrogen Sufide itom Ptoleaa. Most of ihe '“"I,” 

sulfur either in the cystine or some other hnkag • 
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proteins arc decomposed by bacteria under anaerobic conditions, 
or are putrefied, the sulfur appears in the reduced state as 
HjS or C2H5SH, or thio alcohol. Considerable evidence indicates 
that hydrogen sulfide results from protein decomposition It is 
one of the products contributing to the odor of spoiled eggs; it is 
also formed in varying amounts m 
Liraburger cheese The mechanism of 
hydrogen sulfide formation from cystine 
was explained by Tarr by formation 
of two molecules each of hydrogen sul- 
fide, ammonia, acetic and formic acids; 
the formic acid was believed to decom- 
pose further to hydrogen and carbon 
dioxide. 

Hydrogen Sulfide from Sidfates. Re- 
duction of sulfates to hydrogen sulfide 
IS not a common characteristic among 
bacteria. It seems to be a more re- 
stricted characteristic than reduction of 
nitrates. Only a few organisms have 
been found which reduce sulfates. 

Beijermck and van Delden described 
two species, Spirillum de^ulpkuncans and 
Microspira aestaurn. A little thought 
will indicate that sulfate reduction involves removal of oxygen 
from an S04“- group. This oxygen has to be used for oxidizing 
gome organic substance Van Delden showed this by using sodium 
lactate as an example. The following equation was suggested: 

2C3H503Na 4- SMgSO* = SMgCOs + NajCO^ + 2CO* + SHjO + IIjS 
Another especially interesting sulfate-reducing bacterium has 
been described by Elion. He named it Vxbno therinodesMl/un- 
enns because it reduced sulfur and was thermophilic. It was said 
to form hydrogen sulfide ovemi^t, whereas the other two organ- 
isms required four or five days. This is characteristic of thermo- 
philic bacteria, for their higher temperature relations cause them 
to drive reactions more rapidly 

Oxidation of Hydrogen Sulfide. Hydrogen sulfide is oxidized 
by bacteria, according to the following equation, to water and free 
sulfur: 

2II2S + O2 —>■ 2H2O + 2S 



Fio 69 Beggiatoa af&a 
(After Beijennck) 

<1, rilltrl wltli suliur. bi the 
•uKur pertly ueed vp by the 
leek of the prteente of eulfur 
in the eovtronment, e. the eelle 
elmoei free from eulfur 
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Fowler stated that this change was hastened by the presence of 
certain metailic oxides. He gave the following equations, using 
iron to show the steps in the oxidation: 

3 H 2 S + FeaOa 2FeS + 3 H 3 O + S 
FeS + 20a-4FeS04 

GFeSOi + 30 + 3 H 2 O = 2 Fe 2 (S 04)3 + FeC0H)3 
Oxidation of Sulfur. Sulfur may be oxidized by bacteria to 
sulfunc acid. Beijennck and Jacobsen described two species: 
Thiobacillus thioparus and Thibbacilius demtn/icans, which 



Fta, too. Tkiolhrix nipea. (After Winogradsky) 


A, Th^eads; S, TAwdrtt th7«ada. Not* tbat tb* ibwad* *re firmly sttaebed to tb* 
substratum by roean* of tbeaticiccr (at ibe loner aide). 

oxidize sulfur, sulfides, and thiosulfates. In the United States 
IVaksman has reported Thtobacillus thiozydans, which could 
oxidize elementary sulfur to sulfuric acid. It is especially inter- 
esting because it is able to live in an acid medium of pH of 
0.6 or less. 

2S + 2 H 2 O -f 3 O 2 — > 2H2S04 -f- 2S3 Cal. 

Sulfur oxidation is an aerobic process yielding energy for the 
organism which carries it on. Such organisms are autotrop ic, 
requiring no organic matter for growth. They are ^ 

soil, for they help to dissolve the inorganic matter by means 0 
acid which they form. This is well illustrated by compos 1 
of sulfur, rock phosphate, and soil. Sulfuric acid . 

sulfur-oxidizing bacteria dissolves the rock phosphate an 
it available for plants. 
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Another type of sulfur oxidation is possible with Thiobaallus 
denitrificans This organism is interesting because it is able to 
oxidize free sulfur without an abundant supply of free oxygen. 
The oxidation is carried out as follows. 

Gim03+5S+2CaC03 *= 3K2S04+2CaS04+2C02+3N2+695 5C 
Oxygen IS taken from potastium nitrate and used for oxidation 
of sulfur. The sulfate ion which is formed is neutralized by the 
calcium carbonate. 

Oxidation of sulfur has been called sulfofication by some soil 
bacteriologists This is not a good term, since the Latin words 
really mean "the making of sulfur.” However, since names are 
only convenient labels for things and processes, this name is as 
good as any if everyone uses it. 

It IS significant to point out that the sulfur dioxide formed by 
oxidation of sulfur may be changed to sulfunc acid which may 
react with bases to yield sulfates. This has been used by soil 
biologists to render insoluble compounds available as plant foods. 
Compost heaps have been made containing insoluble rock phos- 
phate [CagfPO*)*] and sulfur The latter was oxidized to sul- 
func acid which charged the calcium phosphate to calcium sulfate 
and soluble phosphoric add 

Sulfur Bacteria. The term “sulfur bacteria” is generally used 
for a group of higher bacteria which are especially active in 
changing sulfur. In the wide sense, any bacterium which changes 
the state of oxidation of sulfur would be a sulfur bacterium. A 
discussion of the so-called sulfur bacteria is not necessary here 
beyond a brief characterization to distinguish them from Eubac- 
tena. These sulfur bacteria are divided into several genera which 
may be discussed. 

Beggiatoa. This genus is characterized by long filaments which 
are actively motile. The inlenor of these filaments may be seen 
to be filled with sulfur granules when the plant is growing in the 
presence of sulfur. In absence of a sufficient supply of sulfur, 
sulfur granules within the filaments disappear; the thread also 
segments into many smaller units Several species are common: 
Beggiatoa alba, Beggiatoa minima, Beggiatoa mirabihs, and 
Beggiatoa media. These sulfur organisms are found in sulfur 
springs and stagnant pools where organic matter is in process of 
putrefaction. 
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Thiothrix. This genus was cslabiished by Winogradsky. Us 
members consist of long threads and arc not only nomnotile but 
arc anchored to one spot at one end of the thread. ThiothrLs is 
also characterized by a sheath which keeps the threads intact, 
whereas with Beggiatoa the filaments break up. 



A B 

Fia. 101 A, Pseudomonas Okenii, Cells tn(h Sulfur Granules, (After 
irarmirtj) SpiriUum undula, ehomng the Internal Structure 0 / the Cells. 
The vacuoles are white, the ehromatm granules hlacfc, and the protoplissj 
shaded. (A/ler Fiseher) 

Nonfihmentous Sulfur Bacteria. These sulfur bacteria, repre- 
sented by Chromatium okenii and Spirillum volutans, have been 
studied and confusingly named. They exist as free single cells. 
They contain a red pigment called bactcriopurpurjn. Thej* store 
sulfur in their cells as a reserve substance, to use only when the 
sulfur supply runs out in (heir environment. 

THE CARBOH CYCLE 

Carbon, of course, is a constituent of all kinds of organic mat- 
ter To describe its cycle miglit, therefore, seem neccssarj’. The 
carbon cycle may bo started at one of several places. There is, 
perhaps, a less satisfactory starting place in the carbon cycle than 
in the nitrogen cycle where ntraospherfe nitrogen was used The 
carbon cycle is much simpler or, at least, may be expressed in a 
simpler manner than the cycles of sulfur, nitrogen, phosphorus, 
and so on However, it includes very important phenomena. 
Lotka stated that the organic carbon cycle reduced to its simp es 
form could be expressed as follows; 
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This illustration shows tho basic living agents which are concerned 
with moving carbon through its cycle. 

Carbon is a widely distnbuted element on the earth. It is 
found in coal and petroleum deposits combined m a great many 
different chemical compounds One can scarcely imagine a 
world without carbon. It does not occur free in the atmosphere 
as does nitrogen It is found, however, in small amounts in the 



atmosphere as carbon dioxide, Greaves staled that it existed in 
the atmosphere to the extent of 3 parts in 10,000, equivalent to 
600 billion tons of carbon. A bttlc thought will reveal that a 
constant interchange of carbon occurs between atmosphere and 
earth, coal, burned, is oxidized to carbon dioxide, which is poured 
into the atmosphere Respiration of animals also adds small 
amounts of carbon dioxide. Fortunately, nature has provisions 
for preventing the unlimited increase of carbon dioxide in the 
atmosphere which would eventually destroy animal life. The 
compound is utilized by plants m photosynthetic reactions, and 
there are probably chemical reactions also by which carbon 
dioxide is removed from the air. 

Fermentation of Carbohydrates. This is, one of the impor- 
tant parts of the carbon cycle Fermentation of carbohydrates 
removes vast amounts of vegetable debris from the surface of the 
earth, yields many useful chemical solvents and organic acids, 
and makes it possible to distinguish one species of microorganism 
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from another. They are called fermentation reactions and con- 
stitute one set of cimracteristics of a species. Fennentation of 
carbohydrates has made it possible to prepare many useful 
organic compounds. Tliese processes are now called industrial 
fermentations. 

laciio Acid Fermentation. This /ermenfation is so called 
because lactic acid is a prominent product. The ability to form 
lactic acid is not restricted to bacteria, since this acid plays a 
role in the explanation of many biological phenomena. Certain 
bacteria, however, cause the fermentation of larger amounts. By 
use of the lactose molecule, the chemistry of the lactic acid 
fermentation may be shown as follows: 

C1SB22O1J d- HOH = 2 CcH ;505 

CfiHi206’= 20311603 

Such a fermentation is usually brought about by facultative 
anaerobic bacteria. The lactic acid fermentation is especially 
connected with souring of milk. The bacteria concerned are 
frequently spoken of as “Jactic acid bacteria” because they 
form larger amounts of lactic acid than the ordinary bacteria. 

The chemistry of lactic acid fermentation is interesting to those 
concerned with chemistry of vital phenomena. Bactic acid has 
an asymmetric carbon atom which permits the existence of two 
types 0! lactic acid, a dextrorotatory type and a levorotatory 
type. The typo formed in bacterial fermentations depends on 
the species of microorganisms, temperature, and other factors. 
The typical lactic acid organism is Streptococcus laciis Lister; it 
is known under several other names. 

During recent years lactic acid has been made by bacterial 
fermentation of sugar. It has been necessarj’ to maintain a 
pure fermentation since contaminating bacteria decompose t e 
lactic acid 

Butyric Acid Fermentation. This acid fermentation is known 
best by the odor of the acid which is formed. It may be expresse 
as follows: 

C6H12O6 = 2H2 + 2CO2 + CiHsOr 

This is the simplest method of expressing it but does not 
the changes. Several intermediate reactions take place, 
may be added, probably, to give the equation just mentione . 
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Microorgnnisms which arc able to bring about butyric acid fer- 
mentation are numerous The most active ones arc anaerobic, 
as would be expected since butyric acid is an incompletely 
oxidized compound. Clostridium amylobacter is one species 
which forms butyric acid in appreciable amounts. 

Citric Acid Fermentation. This acid is made in quantities of 
several niillion pounds per year by fermentation processes. 
Wchmer m 1893 first described citric acid as a metabolic product 
of a mold called Citromyces (now classified as Pemcillium). It 
is now known to be produced by molds of several genera including 
Aspergillus, PcnicilUum, and jl/ucor. In 1917 Currie of the 
U. S Department of Agriculture reported results of considerable 
fundamental research concerning citric acid production by Asper- 
gillus nigcr. From this research the industrial fermentation 
process has been developed (sec Chapter 22). 

Alcoholic Fermentation. This is the oldest fermentation in 
which man has been interested Fermentations in which the 
principal product is ethyl alcohol arc commonly spoken of as 
alcoholic fermentations. Production of industrial ethyl alcohol 
is discussed in a later chapter. The most active alcohol-forming 
microorganisms arc yeasts; a few bacteria have been discovered 
which form appreciable amounts but less than those formed by 
the yeasts. 

Decomposition of Carbohydrates. Carbohydrates are rich 
storcliouscs of energy and building materials for microorganisms. 
At different places in this book, reference has been made to the 
action of microorganisms on sugars. The decomposition of a 
few sugars arc considered here, and an attempt will be made to 
sumiiianzc tlie facts. Sugars are classified in different ways. 
One of the most usable classifications is based on the chemical 
complexity of the carbohydrates. In the following paragraphs 
decomposition of these compounds is discussed, beginning with 
the more complex. 

Cellulose. This is one of the most complex carbohydrates, its 
exact chemical constitution is unknown. The term is probably 
a collective one applied to a lai^c number of closely related 
chemical compounds. Cellulose is an important substance in 
nature. It is found in the cell walls of plants and often appears 
ns structural material m the stems Many bacteria and other 
microorganisms possess ccllulasc with vhich they arc able to 
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bring about hydrolysis of cellulose. Some of them were studied 
in the earJy days of microbiology. Bacteria and chemical agents 
seem to decompose cehuiosc in the same manner— through several 
simpler sugars. In general, two groups of microorganisms are 
involved, aerobic and anaerobic bacteria. 

Aerobic bacteria, since they arc able to use atmospheric oxj'gen, 
decompose cellulose completely. Less is known about the aerobic 
cciluiosc-dccomposing microorganisms than about those which 
decompose it anaerobically. 

Early work on cellulose decomposition by anaerobic bacteria 
was concerned mainly with the products of the decomposition. 
Bacteria are known to play an important role today in decom- 
position of cellulose in soil, septic tanks, marshes, and go on. 
Oraclianski, who did some pioneer work on cellulose fermentation, 
discussed it from the standpoint of formntiot] of hydrogen and 
methane. ^Ictliano, often spoken of as marsh gas, is formed 
m marshes where much organic matter is being decomposed, as 
well as in septic tanks where the some reactions ore going on. 
Methane is also formed in the Intestines of animals by cellulose- 
splitting bacteria whicii are present. It is well to point out that 
ability to decompose cellulose is important so for as the carbon 
cycle is concerned. Those microoiganisms which possess cellu- 
lasc help to prevent elements from being stopped in the cellulose 
stage. Plant residues are decomposed to compounds uhich may 
be fermented by otlicr bacteria. Some have predicted that cellu- 
lose fermentation will help solve the problem of a fuel for the 
internal-combustion engine when the gasoline supply has been 


5 which 


exhausted. 

Starch. Starch is decomposed by those microorganisms ^ 
possess amylases. These enzymes are rather widespread in 
nature. They bring about decomposition of starch in a 
manner. As with cellulose, the simpler sugars are formed. c 
first step in the fermentation of starch is probably the forme ion 
of soluble starch and dextrin. It is believed that a little S 
is formed with each step. After dextrin, maltose is forme , an 
the maltose is hydrolyzed to glucose by various common bac cna. 
Besides these better known decomposition products, there ar 
special ones formed by special laieiwrganismt These are is 
cussed in Chapter 22. Like cellulose, starch is a rich source 
energy. 
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Pectin. Pectins are ciosely related to cellulose; the term is a 
collective one used to designate a number of closely related 
chemical substances. The fermentation of pectin and pectoses is 
important m the decompositions on which depends the retting of 
flax Pectins appear in the flax stem between the cellulose fibers 
Flax is subjected to anaerobic fermentation in order to get rid 
of pectin binders Pectm-fermentmg bacteria also play a role in 
certain soft rots of plants and vegetables. 

Other Carbohydrates The disaccharides and monosaccharides 
are easily decomposed by most bacteria A few seem to be devoid 
of enzymes with vhich to decompose certain sugars. The more 
complex sugars are always broken up into simpler sugars; the 
latter are fragmented to vanous products many of which are 
discussed at different places in the book. 

Decomposition of Fats. Fats are another group of carbon- 
containing compounds which are of interest. The fats or hpids 
arc esters of glycerol and certain organic acids. When three 
molecules of palmitic acid unite with one molecule of glycerol, the 
fat palmitm is secured, as follows: 


H 

H-i-o: 


H— i— I 


HO-C— CisHai 
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H— C— OH HO— C— CisHsi 

1 

H 




0 

'/ 
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•CisHsi+SHiiO 


•CisHsi 


When fats are decomposed by bacteria, enzymes, or chemical 
reagents, they yield gJycerol and fatty acids The glycerol 
formed in this process is utilized by bacteria The fatty acids 
are also decomposed and used by bacteria. The splitting of fats 
by bacteria has been offered as one explanation for rancidity of 
butter and other edible fats. * 

Cycles of Other Elements. More space has been given to the 
nitrogen, sulfur, and carbon cycles than need be given to the 
phosphorus, arsenic, and other cycles Phosphorus is present in 
the soil m different forms. Many of them are insoluble in water 
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but arc rendered soluble by bacterial oclivlty. This may take 
place by the formation of acids by the oxidation of sulfur, for 
instance, which, in turn, decomposes the insoluble phosphorus 
compounds. The path which phosphorus travels in its cycle is 
not unlike that for the other elements. All forms of living cells 
help to keep the pliosplionw atoms moving along their cycle- 
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CHAPTER 18 

MICROORGANISMS IN AIR 

Considerable attention was given to microorganisms in air by 
early bacteriologists, for they believed that bacteria in air 
explained many infections. Later it was shown that air did 
not contain many bacteria and that pathogenic bacteria were 
uncommon Aerial infections were believed to explain appear- 
ance of spontaneous disease, especially those of obscure origin 
in which the etiologic agent was unknown. Infection through the 
air is possible but probably of much less importance than once 
believed. Whether air is important would be determined by its 
content of dust particles themselves. Dust particles settle rapidly 
and would carry bacteria with them. 

Microorganisms in air have been of some significance m several 
phases of applied bacteriology. In industries involving propaga- 
tion of living bacteria, such as those with which legumes are 
inoculated, it is important to use air from which bacteria have 
been removed. The air which enters the innoculation rooms is 
carefully filtered In certain of the food industries attention has 
had to be given to air in order to reduce spoilage caused by molds. 
Mold spores are widely distributed from a focus and may cause 
considerable trouble. 

Microorganisms Present in Air. The conditions under which 
experiments are carried out influence the results Ordinary 
country air would probably contain a diverse flora which might 
include most of the common saprophytic microorganisms. These 
would consist mainly of the various members of the Bacillus 
subtilis group, the spores of which are resistant enough to persist 
for some time. Coccus forms are also abundant since plates 
which are exposed to air contamination often show great numbers 
of colored coccus forms. 

Some of the earliest work on bacteriology of air was done by 
Pasteur who was busily engaged in disproving the theory of 
335 
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spontaneous generation. Jn Jiis argument Tv-ith Pouehet, Pasteur 
inaintained that air might contain ceHs of living organisms which 
his antagonists daimcd developed spontaneously. Pasteur ear- 
ned out experiments with flasks containing sterile media. He 
found bacteria in air which under certain conditions might be 
sterile Furthermore, he found that the higher the altitude 
the smaller was the number of bacteria. This work has been 
repeated by many others. A contemporary o! Pasteur, TyndaU, 
also made experimentSv He opened flasks on a glacier but 
secured no inoculation or infection; however, flasks which were 
exposed to air in a hayloft were infected, Wiquel’s data are 
also quoted. One cubic foot of air in Paris w'as found to contain 
150 bacteria; after a rain only 6 were found. A gram of house 
dust contained 2,100,000 bacteria. 

Collections of microorganisms made by Lindbergh on a flight 
over the Arctic seas during the summer of 1933 were described in 
the January 1935 issue of The Scientific Monthly by Meier, who 
had been studying air-bornc organisms. He had been especially 
interested in distribution of organisms which cause plant diseases 
Specimens collected by Lindbergh showed that air currents might 
spread spores of patliogcnic fungi. On one slide, exposed far 
north of the Arctic Circle at an altitude of BOOO Sect, many differ- 
ent types of objects were observed. From this work, Meier 
believed that air currents might spread spores which would cause 
plant diseases. 

Press reports of experiments carried out during the summer of 
1935 with the co-operation of the Army Air Corps indicate that 
air is free of bacteria at heights of 20, OW feet. 


Twelve plates were exposed, the Brst at 19,000 lect aad the othere at 
intervals of 1000 feet Two plates were exposed helweeu 20,000 as 
27,000 ieet. . 

Ten of the plates showed bo bacteria. One exposed at 24,000 feet ana 
another at 26,000 Icet, honever, each revealed one colony of staphylococcus, 
a coatamination Similar experiments were earned out la Cam n 6 . 
Englaad, results of which were published in 1929. The ° , 

experiments was to determine how diseases of plants can be sprea ^ 
the upper atmosphere. The highest altitude at which observa lo^ 
made was 13,000 feet Air in summer was found to be more heavi y 
with bacteria than air in winter. These 

quite heavily charged with bactena even at ^ diseases of plants 

tors had found to be relatively free. It was believed that dis 
might be spread by air currents. 
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Meier and Lindbergh’ exposed plates at distances above 20,000 
feet up to 28,000 feet. Staphylococci were found on two plates 
(24,000 and 26,000 feet), but they w'cre believed to be due to 
contamination Walker believed that the atmosphere from 
20,000 to 28,000 feet is sterile 

Stevens and Anderson also collected data pertinent to this 
discussion on their famous stratosphere flight over South Dakota 
on November 11, 1935. They attained the highest altitude ever 
reached by man, 13 71 miles above sea level The stratosphere 
IS a “region of cold, clear, thin, dry air, always sun-bafhed during 
daylight hours and usually free from appreciable amounts of 
dust.”* The behavior of spores of fungi in the stratosphere was 
studied in two ways Spores of seven species of fungi w ere carried 
in quartz tubes fastened to the outside of the gondola The tubes 
were open at both ends and plumed loosely with cellulose yarn. 
In general, vitality of the spores was not impaired; quantitative 
results were not reported. A special apparatus was also taken 
aloft to determine presence of spores of fungi. The device was 
released at 70,000 feet Tins work showed the presence of mem- 
bers of the genus BactUus and molds Ton organisms were 
reported to have been collected from the region above 30,000 feet. 
It was suggested that bactena and fungi may be distributed in 
this manner, for they might be carried great distances in the 
stratosphere 

Important studies on the bacterial content of air have been 
made in connection with production of milk with a low bacterial 
content and the relation thereto of bacteria m stable air Investi- 
gators at the New York Agricultural Experiment Station found 
between 50 and 200 bacteria per liter of air. 

Although the foregoing discussion is important, the actual 
content of bacteria in air in rooms in which ne live is more 
pertinent. JIuch work has been done in the past few years and 
has shown that pathogenic bacteria may be present in air around 
individuals who are infected with these bacteria. This has been 
the case with hemolytic streptococci which cause puerperal fever, 
scarlet fever, and similar infections. Streptococci were found to 
be more prevalent in schools and subway cars m New York City 

iprcd C Meier and Charles A Lindbergh, Collecting Micro-Organiems 
from the Arctic Atmosphere, Sci, MontU]/, 40 (1935), 5-20 

2 A'ol. Geo. Mag , May 1936, p 705 
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than in other places. These arc places where individuals arc 
more crowded. Such information emphasizes the necessity of 
good ventifafion and the possibilities of respiratory infections 
from overcrowding. It is also confirmed by experiments carried 
out with animal colonics. Healthy animals placed in the same 
room as but apart from infected animaU have shown considerable 
infection. 

Relation of Dust to the Presence of Microorganisms in Air, 
Because dust particles may often be seen in the air, many persons 
have connected them with the dissemination of harmful bacteria. 
The relationship seems to be very indirect, if there is any at all. 
Here again the kind of dust is the important influencing factor. 

In the investigations of the bacterial content of stable air, 
already referred to, attention was given this phase of the discus- 
sion. One paragraph may be quoted. 


In order to get a much higher germ eonlcnt in the air than occurred in 
the air of the station stable even under the worst of the normal conditions, 
a large number of teats were made jn the stable loft. Here it was ewily 
possible, by sweeping up debris from the floor, to secure dusty conditions 
which were as bad the worst po^^iblc conditions obtainable to commercial 
dairies When a heav-y dust was raised at the beginning of each lest, the 
germ content of the air was usually between 1000 and 2000 per liter, with an 
average of 20GS, a minimum of 239, and a mxximum of 5200 per liter. UTien 
the dust was maintained continuously throughout the test, the numbers 
obtained in the completely satisfnctoiy delcrminafion average 9575 bacteria 
per liter of air, with a minimum of 000, & maximum of 28,200, and a usual 
range from 2500 to 10,000 per liter. 


There need be no direct relation between the amount of dust 
and the number of bacteria. Some dust might bo sterile; other 
dust might be heavily laden with microorganisms. 

Winslow and Kligler reported 49,200,000 njicroorganisms per 
gram in street dust of New York City and only % roilHons ^ 
gram in indoor dust. The flora of street dust included ® » 
color organisms and 42,600 streptococci. Whipple, who stu le 
the relation of dust to bacteria in air of cities, found grea \an 
ation, depending on the place where the samples were co ec e . 

Many different physical and chemical factors influence 
longevity of microorganisms on dust particles. One inyes ig 
stated that vitality was directly proportional to the size 
particle. The smaller the particle the more rapid t e a 
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Moisture and sunlight were especially important. The effect of 
these agents would be greater on smaller particles It is probable 
that our ideas on this subject may have to be modified. One 
investigator has reported presence of many streptococci in the air 
of schoolrooms, theaters, and the subway in New York City. It 
was concluded that streptococci were widely distributed in air 
both in enclosed places of congregation as well as in the open 
spaces of a large city. Other investigations at Harvard Univer- 
sity have shown that droplets such as those expelled from the 
mouth and nose may exist as such for some time in the air and 
be carried about by currents. As these droplets become smaller 
and smaller by evaporation, solids increase, and they function 
more as particles of solid matter. Should microorganisms be 
present, they might be disseminated in this manner. These devel- 
opments have suggested the necessity of active efforts to control 
the sanitary condition of air by filtration and by use of ultra- 
violet light. The latter attempt has not enjoyed the success 
which was e.xpected It has been possible to destroy some of the 
least resistant organisms, but those which are more resistant have 
not been killed. Eschenchxa coh is apparently easily destroyed. 

Various practices have been introduced for reducing the number 
of dust-borne bacteria in air where large numbers of individuals 
have collected, as in air-raid shelters, classrooms, hospital wards, 
and theaters. Oiling the floors was found to reduce immediately 
the amount of dust and bacteria, among the latter of which were 
undesirable species. One investigator observed that nasopharyn- 
geal contamination of air could be measured by enumeration of 
streptococci and that these counts were an index of crowd density 
Streptococci were especially high in February when respiratory 
infections are most common. 

Microorganisms in Droplets. Presence of viable microorgan- 
isms in droplets of saliva and mucous suspended in the air has 
revived interest in the possibility of dissemination of diseases by 
air. Such droplets do not necessarily settle to the ground as was 
once believed, ^\^lereas it was formerly believed that air played 
a minor role in spreading infeclions, it is now known that it 
might be important.® Striking demonstrations have shown that 
sneezing, coughing, and even ordinary speaking project large 

3L Buchbiader, The Transniissjoa of Certain lafections of Rospiraloo' 
Origin, y Am //cd. A«oc , 118 (1914), 718-39 (This 13 a re\iew.) 
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numbers of microorganisms into the atmosphere. Wells observed 
that these droplets may dry to a nucleus in which bacteria may 
live for a long time. Since they are carried about by air currents, 
they may infect other individuals. This has been shown to be 
possible by examination of air in large hails where many indi- 
viduals were in attendance. Air of churches and school buildings 
has yielded many bacteria. 

Cleaning and Disinfection of Air. Cleaning of air is necessary 
in certain industries to prevent introduction of dust or micro- 
organisms which might spoil the products 'manufactured. 

Filtration. This is the simplest method of removing objection- 
able matter from air. Although air filters were introduced into 
certain industries to remove dust and objectionable vapors, they 
are now used to remove microorganisms. Various substances 
have been used, ranging from ordinary screen wire and cheese- 
cloth to the modern materials, glass wool and other inert materi- 
als. Adhesives arc used in some of these materials to give a 
better filtering medium. Air filters arc very important in manu- 
facture of biologicals, such as antitoxins, penicillin, and bacterins; 
in the paper-products industries; in the manufacture of legume 
inoculation, and in oleomargarine industry, to prevent ingress of 
objectionable microorganisms. 

Chemical Diainiection. This is attempted by what arc called 
germicidal mists, or aerosols, and vapors. Liquid aerosols have 
been said to consist of droplets from 1 to 2 microns in diameter. 
Larger particles settle quickly. Each droplet of the aerosol 
contains the same concentration of effective chemical substance 
as the parent solution. Wany chemical compounds have been 
studied, among which propylene glycol and related glycols have 
been found to be espcciaJly effective. Other agents which have 
been found to possess considerable value are formalin nn 
the chlorine compounds. Ozone in concentrations which human 
beings can endure has not been effective against air- orne 


infections. , 

Ultraviolet Light. This is a very toxic form of energy wnon 
it can reach cells of microorganisms. Quite favorab e , 
have been reported by irradiating air in hospital ® 
operating rooms. Results have been influenced by ^ „ 

such as the type of bacteria, humidity, and leng ° . 

period. Results of experiments in operating rooms hav 
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especially satisfactory. Ultraviolet irradiation has not been 
accepted by health authorities for disinfecting air m schools, 
waiting rooms, public gathering places, and large halls, despite 
the faet that under certain experimental conditions it has been 
shown to destroy pathogenic bacteria. No evidence has been 
collected to indicate that incidence of colds, for instance, can be 
reduced by irradiation of an enclosure occupied by people. In 
fact, harm might result to a person from prolonged exposure to 
such irradiation, as has been pointed out. Wider use of ultra- 
violet light in the food industry has been suggested. Deteriora- 
tion of bakery products by molds has been reduced by irradiation, 
and meats have been treated during aging in the cooler. Opinion 
is not in agreement as to the practical results obtained 
Cleaning Efficiency of Vacuum Sweepers. The vacuum 
sweeper is a valuable contribution to homemaking as far as the 
removal of dust and dirt is concerned Not much work has been 
done on the ability of these instruments to change the bacterial 
population in a room. Frost and Armstrong in 1911, worked with 
both the ordinary portable types and with those permanently 
installed. The latter were said to be more consistently efficient; 
the portables were found to vary greatly in efficiency. In the 
permanently installed types the exhaust takes the bacteria out of 
the room, and, if this exhaust is properly located, they become of 
no significance A different situation exists with the portable 
types. The bacteria are rcmoi'cd from the room but are entrained 
in a bag of varying efficiency In most cases Frost and Armstrong 
stated that it was impossible to prevent the bacteria from getting 
back into the room since, in some of the machines examined, the 
bacteria passed through the cloth bag very rapidly. These 
investigators used Serratia marcescens ns the test organism. 
Some manufacturers of vacuum sweepers have exploited their 
machines as “air purifiers,” quoting bacteriological data to sup- 
port their arguments. These machines are dirt removers and 
should not be endowed with powers which they do not and can 
never possess 
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CHAPTER 19 
WATER BACTERIOLOGY 

Water is often the first thing to be biamed in a coramunity or 
family when an unusual amount of sickness appears. Often this 
is done without adequate investigation. An abundant supply of 
safe water is one of the greatest benefits that may be bestowed 
on a City. The great cities of the United States owe their loca' 
tions today, in many cases, to an abundant supply of water; for 
quantity must be considered first, quality after. Rome, during 
the Golden Age of her history, is said to have used 400,000,000 
gallons of water a day in her baths, fountains, and cisterns. Mar- 
velous aqueducts, some of which are being used today, brought 
this water to the city where it was stored in large basins and 
pools. After the water had been brought to the city, however, 
it was necessary to carry it to the homes Ancient Rome did not 
have the great distribution systems possessed by modern cities, 
The water works of the present day are far more cornplex. We 
have expensive treatment plants, pumping stations, and distribu- 
tion systems that are marvelous for their utility. 

Definition and Types of Water. From the standpoint of the 
relation to disease and illness, water is classified and described in 
different ways. It will be profitable to define some of these terms 
insofar as definitions are possible. Pure water, from the stand- 
point of health, is water which contains no disease-producing 
bacteria or other harmful matter. Safe water is water which has 
enjoyed a good reputation for some time and which yields good 
results on laboratory examination. An impure water has been 
defined as water which contains either substarices or organisms 
which will disturb the functions of the body and cause illness. 
Contaminated water is water which contains sewage. It is not 
necessarily harmful but is potentially dangerous. Infected water 
contains disease-producing bacteria. These ore a few of the 
terms which have crept into usage; they are, of course, somewhat 
arbitrary and impossible to define without overlapping The 
343 
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consumer desires to knou* whether the water is safe for drinking, 
and lie cares little about the difFercnt terms that may be used! 
From this it may be concluded that water may be undesirable 
because of turbidity, taste, or odor, and unsafe because of the 
presence of bacteria or Itarmful mineral ingredients. 

Transmission of Diseases by Water. The relation of impure 
water to disease dissemination needs no special emphasis today. 
Tins roiationsliip has been recognised since early times. Two 
factors ore involved; (1) Tlic possibility of pathogenic bacteria 
entering the water supply, and (2) their ability to develop or 
remain viable lung enough to reach the consumer. If a bacterium 
cannot grow in water and dies quickly, water will not be impor- 
tant in spreading tiic disease which the organism causes. Water- 
borne diseases arc, in general, intestinal diseases, the most com- 
mon of which arc typlioid fever and cholera. Under ordinary 
conditions in tlie United States cholera is of little importance. 
It IS a disease whose focus is in India and which spreads along the 
Mediterranean trade routes. 

Typhoid fever is the disease which sanitarians have fought for 
many years in the United States. Although its incidence has 
been greatly reduced, it has not been stamped out. In a sense, 
wc have had to learn to live tvith it because it is endemic, IVhen 
it is caused by water, it means that the water supply has received 
sewage pollution, or, to express it in another way, a case of 
typhoid fever indicates that excreta of another individual has 
been swallowed. This individual may have been a patient with 
symptoms of typhoid fever, or he may have been a carrier. 

The ancients recognized the danger of polluted water and 
adopted measures to prevent it. Hippocrates, 300 B.C., advised 
boiling of some waters before use. Ale.vander during his military 
campaigns is said to have carried large metal containeis o! 
drinking water The ancients recognized the danger of water 
wliich had been conducted thrnugli lead pipes. The Romans a so 
recognized the different sanitary qualities of water brought o 
Rome by the several aqueducts. The best water was use or 
household purposes. One supply was so bad that it 
only for irrigation and ilusbiog. The Romans also purified wa cr 
by settling in reservoirs. ^ 

Longevity of Disease Producing Bacteria m water, 
length of time that disease bacteria live in water is of great impo - 
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tance. If organisms do not live long, the danger is somewhat 
lessened; on the other hand, if an organism not only lives for a 
long time, but also multiplies, the danger is greater Probably 
most bacteria concerned with the so-called water-borne diseases 
arc not very viable m water and die out m a short time. Too 
long a discussion would be required to analyze the situation for all 
diseases which may be caused by water-borne bacteria Conse- 
quently wc focus attention on typhoid fever and its etiologic 
agent, EbertheUa typhosa. 

It may be stated that Bbcrtkella typhosa probably does not 
live in natural waters beyond a few weeks Data from several 
experiments indicate a much shorter time This organism also 
seems to live longer in clean water than m water heavily laden 
with organic matter. The longevity of this bacterium has been 
studied in investigations on stream pollution. Most of the results 
agree that the organism does not multiply in water but decreases, 
80 that it would not be expected m water that had been polluted 
in the remote past. Less information is available for the other 
bacteria; however, for those bacteria which arc allied to EbertheUa 
typhosa results would probably not differ greatly Certainly 
such microorganisms as Coryncbactertum diphthenae, and Neis- 
seria gonorrhoeae would die out very quickly, for they are unable 
to endure unfavorable conditions. 

Evidence of Pollution. How are we to know that water is 
polluted and unsafe for drinking? It is easy to formulate defini- 
tions and standards, but somewhat more difficult to apply them 
for judging quality of a water, and equally difficult to apply them 
and to interpret the results. The layman is led to doubt the 
safety of his water supply only nben it has some very evident 
abnormal characteristic such as a bad odor or turbid condition. 

If it is clear and cool, he may be 8.aUsfied; and yet such water 
may be most dangerous. The sanitarium, however, uses sounder 
criteria for judging quality. He knows that water possessing 
all criteria of high quality, such as coolness, clarity, and tastcless- 
ness, may be most dangerous. He appreciates the fact that 
laboratory examinations may be nccessarj’ to detect the most 
dangerous type of contamination It will be profitable now to 
discuss briefly those laboratory tests which arc made in the 
examination of water and to secure the bases for the interpreta- 
tions which the sanitarian makes 
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METHODS OF WATER EXAMINATION 

These may be applied to a water supply at its source, or the 
water may be examined later in the laboratory. Both are used 
where absolute safety must bo assured. 

Sanitary Inspection. TIus involves the use of common Ecnse 
in judging the quality of water. Fen' would expect that the water 
in a river receiving much sewage would be safe for drinking, or 
that water from a shallow dug well in a barnyard could be 
classed as a safe water. It would be quite unnecessary to go to the 
expense of having a laboratory cx.amination. In these instances 
one would expect evidences of pollution. However, there may 
be eases where evidences of pollution arc not so apparent and 
where a somtarp inspection by a qualified engineer or sanitarian 
might reveal possible sources of pollution which could be corrected 
before the laboratory examination was attempted. Thus it may 
be seen that sanitary inspection should precede laboratory exami- 
nation of water if information on quality is sought and that it is 
usually best to leave it to an experienced individual. 

Chemical Methods. These include what are known as the 
sanitary chemical methods for the examination of water. IVe 
will present only tlic arguments on which the chemist bases his 
methods and interpretations. 


Turbidily, Color, and Odor. A good drinking water ehould, along wth 
other requirements, be odorless, colorless, and tasteless. These determina- 
tiona are the first that were used by nian in judging the quality of a water 
supply. He learned in a general way that illness might follow the use of a 
water with unsatisfactory characteristics and probably began to exclude sue i 
waters. Such tests are often spoken of as organoleptic tests and are among 
the first used by analysts. The objccUons to this type of examination are 
apparent. . . . 

Hardness. A hard water is undesirable and may cause severe * 
disturbances among people not accustomed to it. There are a ew a 
which suggest that the continued use of hard water may be harm u 
Chlorides. Urine contains about 5000 parts per million fmi Jgrams 
liter) chlorine as chlorides, and consequently a high amount ® . 

suggestive that sewage has entered the water. This determination ^ 

interpreted with care, however, since salt deposits or ocean spraj’S ma 


increased amounts of chlorides. . of 

Reaction. Most waters are alkafine, and this test jp^jrable 

os alkalinity determination. An acid water may ^ 

conditions somewhere and should be investigated. Industrial w 
frequently acid. 
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Oxygen-comuming Capacity. As the term indicates, this refers to the 
amount of O’cj’gen required to OTidize the orgamc matter in the -water. Gen- 
erally speaking, this will indicate the amount of sewage which has reached 
the water. 

Ammonia, Free. This is ammonia which is in free or saline conditions. 
A high amount of free ammonia may indicate much sewage, although there 
are often other circumstances which explain it 

Ammonia, Combined. This nitrogen u combined in undecomposed com- 
pounds. This determination generally indicates the amount of decomposing 
matter. 

Nilntcs A high amount of nilntcsi may indicate pollution or that 
decomposition is active. It indicates more remote pollution m respect both 
to time and distance than the ammonia determination 

Nitrates. High nitrogen as nitrates indicates that much organic matter 
has undergone dccompo-jition and that considerable time has elapsed for 
oxidation of reduced nitrogen to oxidized mtrogen 

Bacteriological Methods. These arc more direct and concern 
those agents m water, the bacteria, which arc directly concerned 
with disease. Attempts arc not made to determine presence of 
individual specific disease-producing bacteria. Too much time 
would be consumed in making the examination, and negative 
results would be meaningless because available methods of 
analysis are not perfect. Furthermore, if the methods were 
always reliable and it could be proved that pathogenic bacteria 
were absent, the results would hold only for the time when the 
samples were collected. A water supply might be polluted soon 
after it had been shown to be free from undesirable bacteria. For 
these reasons and others discussed in the following paragraphs, 
attempts are made to determine whether a water supply can at 
any time receive sewage pollution. Polluted water supplies are 
always potentially dangerous. In densely populated areas, no 
surface water is safe for drinking without treatment. Such 
waters may cause various diseases which have become known 
as water-borne diseases Typhoid fex'er is best knovvm in the 
United States. It is easy for natural bodies of water to become 
infected. Rivers and lakes often receive untreated sewage and 
drainage from polluted land areas. Presence of typhoid "carriers” 
in the general population makes such pollution very significant. 

Escherichia coli—the Indicator of Pollution. This organism 
has become significant in sanitary work where it serves as an 
indicator of pollution of foods and water. Its presence indicates 
not that these materials necessarily contain pathogenic bacteria 
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METHODS OF WATER EXAMINATION 

These may be applied to a water supply at its source, or the 
water may be examined later in the laboratory. Both are used 
where absolute safety must be assured. 

Sanitary Inspection. This involves the use of common sense 
in judging the quality of water. Pew would expect that the u-ater 
in a river receiving much sewage would be safe for drinking, or 
that water from a shallow dug well in a barnyard could he 
classed as a safe water. It would be quite unnecessary to go to the 
expense of having a laboratory examination. In these instances 
one would expect evidences of pollution. However, there may 
be cases where evidences of pollution are not so apparent and 
where a sanitary inspection by a qualified engineer or sanitarian 
might reveal possible sources of pollution which could be corrected 
before the laboratory examination was attempted. Thus it may 
be seen that sanitary inspection should precede laboratory exami- 
nation of water if information on quality is sought and that it is 
usually best to leave it to an experienced individual. 

Chemical Methods. These include what are known as the 
sanitary chemical methods for the examination of water. We 
will present only the arguments on which (he chemist bases his 
methods and interpretations. 

Turbidtlj/, Color, and Odor. A good drinking water BhouW, along with 
other requirements, be odorless, colorless, and tasteless. These determina- 
tions are the first that were used by man ju judging the quality of a water 
supply. He learned in a geoe/al way that illness might follow the u«e of ® 
tritor wifti nns.'itwfactory characteristics and probably began to exclude such 


apparent. ... 

Hordness. A hard water js undesirable and may cause severe 
disturbances among people not flccustoroed to it. There are a ew a 
which suggest that the continued use of bard water may be harmful. 

Chlondes. Urine contains about 5000 parts per million (milligrams p 
liter) chlorine as chlorides, and consequently a high amount 
suggestive that sewage has entered the water. This detemina lo 
interpreted with care, however, since salt deposiu ot ocean spray y 
increased amounts of chlorides snokeo of 

Bcoclion. Most TOters are aikaliae. Mid ttua tat “desirable 

aa alkalmity detcrininalion. An Kid irate may “j* “ 
conditions somewhere and should bo mvestigat . 
freauentiv acid. 
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Oxygen-con$uming Capacity As the term indicates, this refers to the 
amount of oxygen required to oxidize the organic matter in the water. Gen- 
erally speaking, this will indicate the amount of sewage which has reached 
the water. 

Ammonia, Free. This is ammonia which is in free or saline conditions. 
A high amount of free ammonia may indicate much sewage, although there 
are often other circumstances which explain it. 

Ammonia, Combined. This nitrogen is combined m undecomposed com- 
pounds. This determination generally indicates the amount of decomposing 
matter 

Nitnlcc. A high amount of nitrites may indicate pollution or that 
decomposition is active. It indicates more remote pollution in respect both 
to time and distance than the ammonia determination. 

Nitrates. High nitrogen as nitrates indicates that much organic matter 
has undergone dccompa.'itioQ and that considerable time has elapsed for 
oxidation of reduced nitrogen to oxidized nitrogen. 

Bacteriological Methods. These are more direct and concern 
those agents in xvater, the bacteria, which arc directly concerned 
with disease Attempts arc not made to determine presence of 
individual specific discase*producmg bacteria. Too much time 
would be consumed in making the examination, and negative 
results would be meaningless because available methods of 
analysis are not perfect. Furthermore, if the methods were 
always reliable and it could be proved that pathogenic bacteria 
were absent, the results would hold only for the time when the 
samples were collected. A water supply might be polluted soon 
after it had been shown to be free from undesirable bacteria For 
these reasons and others discussed in the following paragraphs, 
attempts are made to determine whether a water supply can at 
any time receive sewage pollution. Polluted water supplies are 
always potentially dangerous In densely populated areas, no 
surface w’atcr is safe for drinking without treatment. Such 
waters may cause various diseases which have become known 
as water-borne diseases. Typhoid fever is best known in the 
United States. It is easy for natural bodies of water to become 
infected Rivers and lakes often receive untreated sewage and 
drainage from polluted land areas. IVesence of typhoid "carriers” 
in the general population makes such pollution very significant. 

Escherichia coli — the Indicator of Pollution. This organism 
has become significant in sanitary work where it serves as an 
indicator of pollution of foods and water. Its presence indicates 
not that these materials necessarily contain pathogenic bacteria 
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but that tlicy may contain them because routes of pollution exist 
through which harmful bacteria may be acquired. Tor instance, 
if Escherichia colt is present in a food or beverage, Eberthella 
tijphosa may at some time use the same channel. That is the 
sanitary significance of Escherichia coli, which explains why it is 
searched for rather flian Eberthella tijphosa. There is just a 
little more to the story. Bacteriological methods for isolation 
of Eberthella iyphosa are not thoroughly reliable. If they were, 
they might not mean much because it t.ikcs about two weeks for 
typimid fever to appear after infection. Isolation of the organism 
would bo significant only for the lime when the sample was col- 
lected. It is better, therefore, to determine whctlicr pollution 
is possible and to apply measures to prevent it than to rely on 
results of laboratory c.xaminntions for specific microorganisms. 
In general, what lias been said for water holds for loads. 

Escherichia coli, was discovered by Esclicrich in 38S4, in the 
feces of a cholera patient, and was at first thought to bo the cause 
of the disease. Further work indicated, however, llmt it was also 
present in tlie intestinal tracts of norma) individuals. Because 
of its presence in fecal matter, its presence in sewage was admitted. 
B'hcn it was found in water or on foods, it was agreed that such 
food or water had been in contact with sewage or focal matter. 
Esckcriclm coll, in this manner, secured its reputation as an 
indicator of pollution. It was used for a number of years, until 
reports began to be made (Jiat the organism, or one veiy much 
like it, was being isolated from water and foods which were known 
to have a clean history and not to ha^*c received evident con- 
tamination with sewage or fecal matter. Filter operators and 
others concerned with the treatment of water asked bacteriolo- 
gists how they could use an organism as an indicator of pollution, 

\\ hich at times could be found in water known to be clean. This 
caused bacteriologists to seek information for either defend- 
ing their position or correcting their methods of analysis an 

standards. , . i a 

They sought to answer the question in a very logical ana 
reasonable manner. They decide^} to isolate from various no^in 
sources of pollution such as sewage and excreta from i cren 
animals a series of cultures for intensive study, to determine 
whether these strains possessed characteristics u’hich separa 
them from apparently similar organisms of other source 
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Another series of cultures was isolated from unpolluted sources 
such as gram heads and mountain streams. Then, an intensive 
study was made of both senes, and the results were compared. 
This indicated that bactenolo^sts had been working with and 
confusing two very closely related organisms. It may now be 
profitable to outline briefly the several steps used in the separation 
of these two organisms. Tlicse have resulted in the establishment 
of two types which are often spoken of as the grain type, repre- 
sentative of unpolluted sources, and the fecal type, representative 
of polluted sources. The former, the gram type, became known 
as Aerobacter aerogenes, and latter, the fecal type, as Escherichia 
coli. 

The first step in the differentiation of these two types was to 
determine the ratio of the amount of hydrogen formed to the 
amount of carbon dioxide. The fecal type, Escherichia coli 
formed equal amounts of carbon dioxide and hydrogen. The 
nonfecal or gram type, Aerobacter aerogenes, formed twice as 
much carbon dioxide as hydrogen Although this method was an 
accurate and usable one for research work, it was not suitable for 
routine work where results are desired as quickly as possible 
without long laborious technic. 

The second step involved the discovery that the fecal type, 
Escherichia coli, produced a higher* hydrogen-ion concentration 
than did the nonfecal or grain type, Aerobacter aerogenes. An 
indicator similar to those used in the chemical laboratory is used 
for following the hydrogen-ion concentration of the cultures. An 
indicator had to be selected which changed color at that point on 
the scale where these two organisms functioned Methyl red was 
selected, for it was deep red at a hydrogen-ion concentration pro- 
duced by the fecal type [Escherichia coh) and yellow at a hydro- 
gen-ion concentration produced by the grain or nonfecal type 
{Aerobacter aerogenes). Once this was established with pure 
cultures of known origin, the indicator could then ,be used for 
classifying unknown strains. 

The third step in the differentiation of these two types of organ- 
isms is based on formation, or lack of formation of acetylmethyl- 
carbinol Demonstration of the presence of acetylmethylcarbinol 
has become known as the Voges-Proskauer reaction It is carried 
out by putting a little sodium hydroxide into a buffered dextrose 

* More acid 
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broth tube in which the organisms have grown. The formation of 
a red color is a positive Voges-Proskauer reaction j no change in 
color indicates a negative reaction. By studying bacteria from 
two sources, unpolluted and polluted, it was shown that the fecal 
type, Escherichia coU, was Voges— Proskaucr (--) minus and that 
the nonfccal or grain tj’pe, Acrobacter aerogenes, was Voges- 
Proskaucr ( + ) plus. 

These characteristics may then be summarized in the following 
manner: 


Fec.^ Tvpe 
Esckcnchia eoU 

1 Found jn fcccs, etc. 

2 Forms equal Amounts of CO 3 
and II 2 in lactose broth. 

3. Causes a higher hydrogen-ion 
concentraiion. 

i. Metio'l red +, Voges-Pras- 
kauer — . 


NoKfTCAi. OB Giuw Ttfe 
Aerobacler aerogenes 

J. Found in grains, etc. 

2. Forms twice as much CO« as XT* 
in lactose broth. 

3 . Causes a lower hydrogen-ion 
concentration. 

A. Methyl red — , Veges-Pros- 
iaucr 


This tells us how Escherichia coXi became on indicator ol pollu- 
tion and the things which one must keep in mind when water is 
examined for it. Escherichia coli docs not ordinarily produce 
disease when taken into the mfcstinoJ tract. Its presence in 
water indicates the presence of sewage or other undesirable mat- 
ter. When Escherichia coli is present, Ebcrthella (yphosa may be 
present, for both these organisms may be found together in sewage 
when the sower has received excreta from a tj'phoid patient. 
Consequently, when Escherichia coli is present, Eberthella 
typhosa may use the same channel to reach the vrater supply- 

The 1933 edition of "Standard Methods of "Water Analysis" 
docs not provide for (he foregoing distinction as an official proce- 
dure. It is included among what are called "nonstandard 
methods. Water is now Judged on deraonslTation of the presence 
of members of the "coliform group.” This group includes organ- 
isms 0 / both the so-called Iccal and nonfecaJ types. The com- 
mittee considered attempts to evaluate a drinking water on the 
basis of a distinction between these two types as unwarranted. 

Bacteriological examination of water has distinct limits. A er 

typhoid fever has appeared in a community, it is too late o 
analyze water to determine whether it caused the disease, mce 
it takes 14 days for the disease to appear after e.xposure, e 
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bacteriological condition of the water supply may have greatly 
changed during this interval. 

Plate Count. This is an attempt to determine the number of 
bacteria which develop on a standard medium under standard 
conditions. It is not a total count because only aerobic bacteria 
are counted which develop under the conditions used. Plato 
counts possess only general sanitary value, because the kind of 
bacteria is of as much value as mere numbers. The better drink- 
ing waters will, however, have few bacteria. The count may be 
used along with results of other tests. 

Bacteriological Standards for Potable Water. Such standards 
are necessary in order to determine when a water of unknown 
quality is safe to drink. They become the sanitary measuring 
stick which is applied to the water supply in question. They are 
arrived at by examination of many specimens of good and bad 
waters, the histories of which, are definitely known. In this way 
the bacteriological condition of a good water may be established. 
This becomes the standard then for xise with an unknown water. 
The laboratory methods which were used are also the result of 
study in different laboratories. They then become standard 
methods. Standards and standard methods must be used 
together. 

The United States Public Health Service has enforced bacterial 
standards for potable water served on interstate carriers (trains, 
vessels, and so on, plying between states) for many years. This 
standard does not permit more than 1 Escherichia coU in 100 
milliliters of water. This represents an infinitesimal pollution 
and is probably as low as can be attained, in general, in treated 
waters. 

Plate-count standards have not been suggested for water. 
Koch once suggested that a good drinking water should not 
contain more than 100 bacteria per milliliter when counted on 
plain gelatin medium This has never been adopted in the United 
States by any official body but js probably about as good as any 
standard. Of course, one objectionable bacterium would be more 
significant than hundreds of common saproph>’tes. 

Purification of Public Water Supplies. Great wateruorks for 
obtaining water supplies or for purification of water have been 
used since ancient times Some of these were deep wells which 
yielded safe water. These with the great aqueducts T^hich were 
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broth tube in which the organisms have grown. The formation of 
n red color is a positive Vogcs-lVoskauer reaction; no change in 
color indicates a negative reaction. By studying bacteria from 
two sources, unpolluted and polluted, it was shown that the fecal 
type, Escherichia colit was Voges-Proskauer (-) minus and that 
the nonfccal or grain type, Acrobacter aerogenes, was Voges- 
Proskaucr ( + ) plus. 

These characteristics may then be sumraarired in the following 
manner: 


Fcca Tite 
Etchcriehia eoli 

1 Found in fccM, etc. 

2. Forms equal amounts of COz 
and Us in lactose broth. 

3. Causes a higher hydrogen-ion 
concentration. 

4. Methyl red +, Voges-Pros* 
kftuer — . 


UosncAL OB Gwrx Tttb 
Aerobacler aaogena 

1. Found in grains, etc. 

2. Forms twice as much COj as Hj 
in lactose broth. 

3. Causes a lower hydrogen-jon 
coQccotratioQ, 

4. hfethyl red — , Voges-Pros' 
kaucr +. 


This tolls us how Escherichia coU became an indicator of pollu- 
tion and the things which one roust keep in mind when water is 
examined for it. Escherichia coU docs not ordinarily produce 
disease when taken into the intestinal tract. Its presence in 
water indicates the presence of sewage or other undesirable mat- 
ter. When Escherichia eoli is present, Ebcrthella typhosa may be 
present, for both these organisms may be found together in sewage 
when the sewer has received excreta from a typhoid patient. 
Consequently, when Escherichia coH is present, Ebcrthella 
typhosa may use the same channel to reach the water supply. 

The 1933 edition of “Standard Methods of Water Analysis" 
docs wot provide for the foregoing distinction as an official proce- 
dure. It is included among what are called “nonstandard" 
methods. Water is now judged on demonstration of the presence 
of members of the “coliforra group.” This group includes organ- 
isms of both the so-called fecal and nonfccal types. The com- 
mittee considered attempts to evaluate a drinking water on the 
basis of a distinction bctw’ccn these two types as unwarranted. 

Bacteriological examination of •water has distinct limits. Af er 
typhoid fever has appeared in a community, it is too late o 
analyze water to determine whether it caused the disease. Since 
it takes 14 days for the disease to appear after exposure, e 
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bacteriological condition of the water supply may have greatly 
changed during this interval. 

Plate Count. This is an attempt to determine the number of 
bacteria which develop on a standard medium under standard 
conditions It is not a total count because only aerobic bacteria 
are counted which develop under the conditions used. Plate 
counts possess only general sanitary value, because the kind of 
bacteria is of as much value as mere numbers. The better drink- 
ing waters will, however, have few bacteria. The count may be 
used along with results of other tests. 

Bacteriological Standards for Potable Water. Such standards 
are necessary in order to determine when a water of unknown 
quality is safe to drink. They become the sanitary measuring 
stick which is applied to the water supply in question. They are 
arrived at by examination of many specimens of good and bad 
waters, the histones of which, are definitely known. In this way 
the bacteriological condition of a good water may be established. 
This becomes the standard then for use with an unknown water. 
The laboratory methods which were used are also the result of 
study in different laboratories They then become standard 
methods. Standards and standard methods must be used 
together. 

The United States Public Health Service has enforced bacterial 
standards for potable water served on interstate carriers (trains, 
vessels, and so on, plying between states) for many years. This 
standard does not permit more than 1 Escherichia coh m 100 
milliliters of water. This represents an infinitesimal pollution 
and is probably as low as can be attained, in general, in treated 
waters. 

Plate-count standards have not been suggested for water. 
Koch once suggested that a good dnnking water should not 
contain more than 100 bacteria per milliliter when counted on 
plain gelatin medium. This has never been adopted in the United 
States by any official body but is probably about as good as any 
standard Of course, one objectionable bacterium would be more 
significant than hundreds of common saprophytes. 

Purification of Public Water Supplies. Great waterworks for 
obtaining water supplies or for purification of water have been 
used since ancient times. Some of these w’ere deep wells which 
yielded safe water. These witli the great aqueducts which were 
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buiH by the Romans show what good engineers the ancients were. 
Joseph's well at Cairo is a /amous ancient well. It was (jxcavated 
from solid rock to a depth of 297 feet in tn'o stories. The water 
was lifted with buckets on an endless chain operated by mules at 
t!ic bottom of the upper lift The Chinese ore credited with 
digging the deepest wells, some of whicli were 2500 feet deep. 

Aqueducts were also used to bring woter to ancient cities, 
many of tvhicfi are soon today in Europe, Iferodotus mentions 
one which brought water to the city of Samos. Rome was espe- 
cially well supplied with water. At one lime nine aqueducts, 
one of which was nearly 40 miles in length and eupported for 
over 1000 feet on arciies, supplied tlm city, It has been said that 
at one time the city was supplied with 400 million gallons of 
water per day. An American engineer, hoa-ever, believed that 
SO million gallons or about 50 gallons per capita per day was a 
more correct estimate. Since tlicsc early times all nations haw 
given much attention to adcc^uate supplies of pure water. 

Few large bodies of water arc clean enough to furnish drinking 
woter uiiich can be used without treatment. Some cities have 
purchased small lakes and moved tlic habitations from the water- 
sheds, and, by a system of sanitary inspection and patrol they are 
maintaining a rc.atonably satisfnctoiy situation without the 
elaborate system of treatment outlined in the foJloning para- 
graphs. The clHcicncy of this, however, depends on so many 
variable factors that most cities linve insured themselves against 
polluted water by resorting, at least, to disinfection. This is the 
safest procedure since there arc many opportunities for contami- 
nation even under tlic best sj-stems of control. 

Plain Sedimentation. In this step, the water is conducted into 
large basins or reservoirs wiiere naluic is allowed to do what she 
will toward getting out as much foreign matter as possible. This 
step also has a leveling effect on the quality by tending to 
the water to be handled later more even in constitution. ® 
water is conducted from the river. lake, or other source, Into large 
sedimentation basins wbm; it is allowed to stand quiet y or } 
means of baffles is made to travel slowly over a long route through 
one or two basins. Jilueh of the heavier suspended matter 


removed in this way. , , 

Sedimentation unth Coagulation. From tte plain 
lion basins, the water is conducted to "coagulotioii basins 
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a coagulant is added. This coagulant is a chemical nluch^ in 
water, is hydrolyzed to a flaky floeculent compound. This latter 
compound floats m the water m large flakes. When the velocity 
of the flow IS lowered, these flakes settle out and carry with them 
foreign matter which was not removed in the plain sedimentation 
basin. Iron and aluminum sulfates arc the commonest materials 
used as coagulants. We may illustrate the chemical changes with 
aluminum, for instance, as follows: 

Al 2 (S 04)3 + SCaCOs = Al-CCOala + 3 CaS 04 
AlaCCOala + GHOH = 2A1(0H)3 -h 3HOH + 3 CO 2 

The aluminum hydroxide comes down as a very floeculent precipi- 
tate. When alum was first added to water, questions about its 
possible poisonous effect arose m the public mmd It was shown 
that the chances of poisoning were very remote, for most of the 
alum IS removed on the filters 

Filtration Since the two steps just discussed will not remove 
all of the foreign matter from water, it is next passed to sand 
filters, of which there are two kinds or types These are separated 
according to their nominal capacity or the rate at which water 
passes through. The filters are usually large concrete basins in 
the bottom of which are gravel and sand. Beneath this material 
are the pipes for carrying away the water that has percolated 
through the sand. 

Suiw FitTEBs These fillers are constructed with 9 inches 
of gravel and 30 inches of sand. They are large, perhaps an acre 
in size. After they have been used for a while, the water goes 
through so slowly that they are inefficient and must be cleaned. 
The top 4 or 6 inches of sand with accumulated dirt are removed, 
washed, and replaced. These filters deliver about 3 million 
gallons of water per acre per day. They have been almost 
entirely displaced by mechanical filters. 

Rapid Sand or Mechanical Filters. Rapid sand filters 
handle about 125 million gallons of water per acre per day. They 
differ from the slow sand filter by having a mechanical system for 
cleaning the sand Underneath the gravel are two other systems 
of pipes besides the underdrains previously mentioned for slow 
sand filters One delivers clean water to the bottom of the 
filter and the other compressed air. When the filter has become 
inefficient beoau'-c of accumulation of too much foreign matter on 
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Driven or drilled vrdh arc to be preferred fo dug wells. The 
latter, on account of porous sides, are Uable to receive drainage 
water. This is impossible with a properly cased driven, or bored 



Fro 103 Showing the Construction of Dug, Driven, and Bored Wells. 
This iodicatoa the greater safety of drilled trells over dug trells. {Afier 
Bartow) 

well. The water from these wells has had to pass through a layer 
of earth which acts as a filter. Drilled w'clls often pass through 
a stratum that is impervious to water. This means that the 
water was collected on some distant watershed and has had to 
flow some distance under the ground. 

Wells must be properly constructed and be adequately pro- 
tected from contamination. Especially is this true for the dug 
well which may allow surface water to run back m. Cesspools 
near such wells arc dangerous for they contain much water that 
must percolate away through the soil. The distance allowable 
between a cesspool and well depends on several factors such as 
the height of ground water and the type of soil. When the ground 
water is high, the distance should be greater between a source of 
pollution and the well. Consequently, it is far better to put wells 
deep enougli so that there is an impervdous stratum above t e 
place from which the water is pumped. 

Springs. IVater from springs is an underground water and, i 
properly protected from surface pollution, is safe. T\ater rora 





METHODS OP WATER EXAMINATION 357 

springs is considered by some as pure and by others as open to 
contamination. The geological strata which cause^round water 
to flow to the surface may be such that contamination of the water 
may occur. To a certain extent, spring W’atcrs are filtered waters, 
although the filtration may not be controlled The number of 



Fio 104. Showing Dug Well? Not Adequately Protected from Pollution. 
(A//er Hansen) 

bacteria w'ould vary greatly and be dependent on the con- 
tamination that might occur after the water had come to the 
surface 

Cisterns The cistern in certain communities is the mam source 
of water Rain water from roofs is usually the original source. 
Cisterns furnish a satisfactory water as long as the cistern is 
properly constructed to prevent the ingress of surface w’ater and 
flirt about the top A properly constructed cistern is shown in 
Fig 100 
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TJic U S. Army Medical Corps lias found that two drops of ordinary 
tincture of iodine (7 per cent) added to a quart of water will destroy 
ati ((i«ca?c Rcrms nnd rcnifcr the water safe for drinking purposes in one- 
half hour. 

How to Judge Quality of Private Water Supplies. This is not 
Always an easy task. AUhough the physical appearance is not 
always a sa/c criterion, it docs yield some information. Labora- 
torj' examination is the safest method. This involves, as we have 
learned, an examination for [ccal Escherichia coli. Great care 
must be used to collect the specimen for analysis. The sample 
may he contaminated during colfeetion when the original wafer is 
in satisfactory condition. A single analysis is not conclusive. 
Several examinations enable a person to arrive at a better opinion 
of the quality of water. A eanitarj' inspection is often necessary 
to find out wlicther open channels exist which might allow pollu- 
tion to reach the water supply. 

How to Have Water Analyzed. Most states provide for the 
sanitary examination of water, either free of charge or at a very 
moderate cost. Tiiis may Iks determined in most cases, by writing 
to the state board of health. There arc several points in this 
connection which arc often ox'orlookcd by those who seek such 
help from laboratories. It is usually best not to send a sample 
to tiic iaboratorj' m a container whicli has not come from the 
laboratory. li js best to urilc to the laboratory first and state 
the facts winch prompt the request for laboratnrj’ c.vamination. 
Practically all reliable laboratories refuse at the start to e.xnmme 
water bactcriologicaily which has been shipped in any sort of a 
container, even though the sender claims to have cleaned and 
boiled it thoroughly He may not have boiled it long enough 
or he may have contaminated it after boiling. His conception of 
sterilization may be quite different from that of a laboratory 
worker. If such samples arc examined, the laboratory' does not 
knorv whether satisfactory results are due to the presence of some 
chemical disinfectant or whether bad results are due to a di > 
unstcrilizcd bottle or to the water itself. 

Another point is not to ask the laboratory to c.xamine water or 
typhoid bacilli. It cannot bo done readily. “Standard ° 
for the Examination of Water and Sewage” docs not 
this in routine water examination. There arc no . . 

routine procedures, and, even if it could be done, absence o 
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organism at the time of examination would not prove that the 
typhoid organism might not appear m the water later. It is 
better to look for evidences of pollution which show open channels 
between the source of water and sewers, barnyards, and so on, 
this gives more information about possible future pollution. 

The last point to be mentioned concerns the information which 
should accompany the sample Some persons decline to fill out 
completely the certificate that is sent with each sample bottle. 
They feel that, if a laboratory worker knows nothing about the 
source from nhich the specimen came, he will start his nork with 
no preconceived ideas, and therefore his conclusions will be more 
trustworthy This is the wrong attitude The laboratory worker 
rarely knows the sources of the specimens on which he w’orks 
unless he takes the pains to secure them The specimens pass his 
hands under numbers. For him to give a trustworthy opinion, 
he must have all the information called for on the certificate sent 
out with each sample bottle 

Despite the fact that chemical and bacteriological water 
examination may be of great value, there are limes when such 
examination should not be made: 

1 It IS luelcas to request analysis if it is plain that sewage cannot enter 
the water supply 

2 Sampling of suppliM from new wclb or those piped through a new pipe 
line on which work has been clone within a period of throe or four weeks is 
useleM, because pollution is attendant on construction Such By8tcm«i may 
be sterilized by flushing with a solution of calcium hypochlorite (I pound 
ID 10,000 gallons of water), followed by thorough rinsing 

3 Samples should not be taken from supplies with evident defects until 
such defects ha\e been remedied 

4 Samples should not bo taken to explain possible cause of di-eases which 
are not water-borne (measles, scarlet fever, diphtheria, whooping cough, 
end mumps) 

5 The sample should be accompanied by a good description of the sur- 
roundings Such a description u. necessary if the analyst is to give a reliable 
opinion 

Bottled and Mineral Waters. These have enjoyed wide sale 
in America because of the prevailing opinion in certain localities 
that they are better than the municipal supply The Bureau of 
Chemistry in Washington scxxral years ago made a careful study 
of the bacteriological condition of these waters and found much 
to be desired They found that some springs were being used 
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for the production of mineral waters which should not be used. 
Before spring water is put on the market, it is an easy matter to 
determine whether it is pure and safe for consumption. This may 
be done by sanitary inspection and laboratory examination. 
Private homes depending on mineral waters for drinking water 
shouW request the vendor to supply a certificate showing that 
the water has been examined by the local city or state health 
department. 

Bacteriology of Ice. Two kinds of ice arc used in America, 
natural and artificial. Natural ice is han’cstcd from natural 
bodies of water in the late winter and stored for sale during the 
summer. Artificial ice’ is made the year around and sold soon 
after manufacture. The hygienic properties of the latter are 
obvious, and, if this ice is properly handled, it is safe for con- 
sumption. Natural ice, however, needs a little discussion. 

Ulicn ice crystals form in water, they tend to come donn in the 
pure condition. Any impurities that are in the water arc 
excluded. In the chemical laboratory, this method is used for 
purifying chemicals lee, then, even from relatively polluted 
bodies of water, tends to be found in the pure condition. This 
indicates that nature docs her part toward making ice safe for 
consumption. Natural ice is usually stored for months during 
which time tlic bnctorml content would be markedly lowered. 
Jordan stated that after three or four months’ storage the danger 
of ice from even highly polluted water would bo very slight, and 
after six months’ storage it would be practically negligible. These 
statements do not condone the han'cstiog of ice from polluted 
bodies of water even though such ice has been found to be free 
from objectionable bacteria. As an added element of safety, ice 
should bo analj'zed and certified by competent health authorities. 
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CHAPTER 20 

SEWAGE TREATMENT ANt» BACTERIOLOGY 

Sewage has been defined as the used water supply of a 
community or home. Sewage disposal and treatment are, con- 
sequently, constant problems. The difficulties involved are 
apparent to those who have studied the question. In the early 
stages of development of the United States and other countries, 
when population was small, sewage could be emptied into a river 
and nature allowed to do the rest. Now such a practice makes 
nuisances for those below on the river. 

The object of efficient sewage treatment is to dispose of a large 
amount of putrescible organic matter in such a manner that 
nuisances such as bad odors, decomposing river beds, and the like, 
are avoided. 

Bacteria in Sewage. Bacteria in sewage arc those which are 
:n the water plus those n'hich arc added when the water is used. 
The flora is, therefore, quite heterogeneous, Ordinary fresh 
sewage may contain about 3,500,000 aerobic bacteria per milh- 
liter, although there is great variation as would be expected. 
Pathogenic bacteria cannot live long in sewage because they arc 
unable to endure the conditions which exist and the antagonistic 
effect of so many other types. Pathogenic bacteria are important 
in seivage only if the sewage gets into the water supply or on 
foods. Pathogenic bacteria probably do not multiply to any 
extent in sewage, although our information on this point is quite 
meager. They may remain dormant, however, for weeks. Ebcr- 
thella typhosa has been found in sewage sludge which has been 
dried for some time. Anaerobic bacteria arc also common in 
sewage They probably play an important role in decomposition 
of proteins 

Intestinal Bacteria in Sewage. These arc contributed to the 
sewage by the use of water in the home for flushing purposes. As 
has been pointed out before, they are of marked sanitary signifi- 
cance, and one type, Bsckenchta coli, is used as an indicator tha 
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sewage has reached a water supply or food Intestinal bacteria 
may include patliogemc species, for these may leave the body in 
its excretions. 

Soil Bactena. Soil bacteria are of little significance from the 
sanitary standpoint They may be added to sewage by drainage 
water and similar sources They may include, however, some of 
the types which are desired m the biolysis of sewage. 

General Principles in Sewage Treatment. The problems 'of 
sewage disposal center about the disposal of organic matter and 
the destruction of pathogenic bacteria which may be present. 
The organic matter is usually decomposed by bacteria by hydroly- 
sis. This results in the formation of products which are in the 
reduced conditions such as hydrogen sulfide, ammonia and raer- 
captans Compounds in these reduced conditions usually have bad 
odors, and they may become a nuisance It is nccessarj' to follow 
hydrolysis by oxidation so that the reduced compounds arc 
changed to a stable state. In this state they are usually odorless 
Oxidation of hydrogen sulfide to sulfate, for instance, causes a 
disappearance of the foul odor Consequently, sewage treatment 
comprises first hydrolysis and then oxidation These changes 
arc expressed by sanitary engineers under tlie term “biolysis” of 
sewage. This term moans the breaking doom of eomple.x material 
by means of living agents, and it is a very useful one to use. The 
decomposition may be due to living protoplasm or enzymes. 

Ridcal has given a tabular outline of the stages which are 
involved in biolysis of sewage. This is sufficiently important to 
reproduce (Tabic 5) 

This table was discussed as follows by Kinnicutt, IVinsIow, and 
Pratt in their “Sewage Disposal”. 

1. Prolcina In the first of Ridcal’s stages, the proteins are broken down 
into the albumo.=es and peptones with the ecpnrntion of sulfur as hjdrogen 
sulfide, or as mercaptan',, sulfur alcohols having ^cr>• disagreeable odors 
The albumoscs and peptones ha\e a leas complex molecular structure than 
the proteins, they are fioliible jn water and are not coagulated by heat 
These compounds also during the first stage break down into the so-called 
amino acids, chiefly acids of the fatty lij'drocarbon series coDtammg carbon, 
hydrogen, oxygen, and nitrogen in which one hjdrogen atom is replaced by 
the ammo group (NHj) 

The ammo acids thus formed are decomposed during the first and second 
of Rideal’s stages, gi'ms ammonia, phenols, fatty and aromatic acids All 
of the nitrogen, howeicr, is not conairtcd into ammonia, for part remains 
united to hydrogen and carbon, forming ammes Lkc tri-mcthj I amine 
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rcihlsN, part is liberated aa pilrogcn, and a certain porlten is nndoubledls- 
dircctJy converted into nitrous acid. 

The hst change in the process of decompoaition is a partial or complete 
OYidatioa of the organic substances formed by the decomposition of the 
amino acids, rosuiting in the production of water, carbon diotide, nitrous 
and nitnc acids. Gaseous nitrogen is sometimes liberated in large quantities 
by the action of amines on narous acid. 

TABLK 5 

STAoas Involvko in the lliomis op Sewage 
From fvinnicult, AVinslow, and Pratt’s “Sewage Disposal" 

Stapes Involved Sulrstanecs Dealt With Characteristic Products 
Intltal 

Transient norobic changes Urea, ammonia, and 
by tlic oxygen of the easily decomposable 

\%»lcr supply rapidly matters 

pawing to 

First Stage 

Anaerobic liqucfactiooaod Albuminous matters Soluble nitrogencoua 
preparation by Cellulose and fiber matter 

liydrolysis Fats Phenol derivatives 

Gases 

Ammonia 

Second Stage 

Somianacrobic breakdown Amino compounds Ammonia 

of the intermediate dia- Fatty acids Nitrites 

Solved bodies Dissolved residues Cases 

Phenolic bodies 

Third Stage 

Complete aeration; oxida- Ammonia and ear.. Carbon dioxide, water, 
tion and nitrification bonaccous residues and nitrates 


The principal products of the bacterial action on the proteins are amino 
acids of the fatty hydrocarbon series; relatively small amounts of t e 
aromatic compounds, such os phenyl alanine, tj^osine, tryptophane, p eno , 


ekatole, aad indole, are formed. , i a H 

g. Carbohydrates. Sugar and starches are very easily hydrolysen ana 
broken down by the action of bacteria, and, though alcohol may e om o 
the products of the decomposition, the principal substanew , 

be butyric acid, lactic acid, water, carbon dioxide, and hi^rogen ^ . 

«od OTody fiber are also broten down and i.q«e5rd, bot 
slowly, and the aelion is often so sluggisl. that they are but 
in the process of sewage Ircalment. Hydrolysis ploys an important p , 
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at least during the first stages of the decompasitioo. of cellulose, and the 
products formed are undoubtedly similar to those produced from the 
sugars and starches 

3. Fats. The decomposition of fats, brought about by the action of 
bacteria and molds, is again largely a process of hydrolysis, the fatty acids, 
stearic, palmitic, olcic, butyric, and glycerol being the chief products Fur- 
ther hydrolysis converts the fatty acids into carbon dioMde, hydrogen, and 
methane. ”” . . - . . , . , 

than that o 
before bein._, , 

brought about by the ammonia set free in the decomposition of the ammo 
acids The slow decomposition of fats and greases makes a sewage con- 
taining large amounts o! these substances very much more difficult to purtly 
than a sewage in which the organic matter is mainly m the form of proteins 
and carbohydrates 

Preliminary Methods. These include the methods which are 
hydrolytic in nature. We need not discuss the other prelimi- 
nary steps such as screening, for they arc mainly mechanical. 
Hydrolyses are brought about mostly by two methods or modi- 
fications of these methods. 



Fio. 100 Suggested Design fora S.and Filter and Cistern Suitable for a Home. 
(Ilhnots Slate Water Suney) 


Septic Tank The septic tank is a concrete basin tlirougli which 
the sewage pas‘-cs slowly, solid matter settles out and undergoes 
anaerobic decomposition at the bottom of the tank This anaer- 
obic decomposition is one of hydrolyses mainly, and the products 
must yet be made stable by oxidation. The products of these 
hydrolyses are the various decomposition products of proteins, 
carbohydrates, and fats. The septic tank is commonly used 
for disposing of the sewage from rural homes and small com- 
munities These tanks arc frequently neglected, since the l.ayman 
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believes that they arc automatic and operate in some mysterious 
manner. The chemical changes which take place in the septic 
tank are shown in Tabic 5 by Ridcal. 

The Cesspool This is usually a moderately deep hole, the 
sides of which arc laid up with brick or flat stones without mortar. 
The organic matter is delivered to it and probably undergoes 
anaerobic decomposition while the water seeps away into the 
ground. The cesspool would, of course, be satisfactory for single 
residences or where a small amount of sewage must be cared for. 

Finishing Processes. Under this heading may be mentioned 
those processes to which the product from anaerobic hydrolyses 
are subjected. They are, of course, mainly aerobic since they 
are oxidative in nature. Tlie reduced compounds such as HjS 
and NHa, which result from the hydrolytic processes, must be 
oxidized to a stable condition. The following methods are 
available for this purpose. 

Diltition, This is the oldest method for the disposal o! sewage. 
The sewage was usually dumped into a stream below the city, and, 
the forces in nature were trusted to take care of it. Although this 
method may have been adequate before the population over the 
United States became as dense ns it is today, it long ago reached 
the limit of usefulness. Its continuation has caused some very 
bad situations; because of the seriousness of the problem in many 
places in the country today, wc may be justified in giving it a 
little more attention. 

The disposal of sewage by dilution in a river or other body of 
water resolves itself into consideration of three factors: (1) 
Organic matter — the sewage itself, (2) bacteria, and (3) oxygen. 
The oxygen is necessary for oxidation of the organic matter. 
Organic matter and bacteria are always present and may there- 
fore be dropped from our discussion. The question then comes 
down to a consideration of what may be called the ‘oxygen 
balance." By this is meant the amount of oxygen required or 
oxidation of organic matter in relation to the amount whic is 
available. Relatively clean river water contains dissolved oxy- 
gen, and the question arises, how much sewage can a stream carry 
and still oxidize it to such a condition that it will not become 
a nuisance? Although the question can be answered for 
stream only by laboratory analysis, it has been suggeste 
for every gallon of sewage there should be at least 50 ga ons 
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relatively clean river water. The determining factors, how- 
ever, are the concentration of the sewage, the quality of water 
in the stream, and so on. Such statements arc of general sig- 
nificance only 


SLUD6S OUTLET 




Fig 107 Suggested Design for the Simplest Form of Sewage Tank for a 
Farm Residence or Other Home Not Connected with a Sanitary Sewer 
{Hhnms State Water Survey) 

Stream Pollution. Discussion of this subject may seem some- 
what out of place in a book of this nature Since it is closely 
related to sewage disposal and since it is a subject in which all 
citizens, especially those who have studied bacteriology, should 
be interested, it will be given a little space. In their natural 
condition the great bodies of water were pure and clean. As 
population became more dense, they have become heavily pol- 
luted with wastes of domestic and industrial life Today there 
are few natural bodies of water that approach m this way their 
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original condition. Fish life has been killed, and bodies of water 
have been spoiled for recreational purposes as well. 

The opinion is quite generally held that flowing streams become 
self-purified; students of the question like to use another terra, 
self-improved, since self-purified is a very strong terra. The 
United States Public Health Service has made a statement on 
this subject, part of which is given below. 


Briefly, it may bo stated that a water contaminated with the organic 
matters found ju sewage and in various iodw^trial wxites does gradually 
rid itself of such pollution, if allowed free access to air. Early studies of 
this phenomenon of self-punficalion led to the abandonment of a plausible 
theory based on tiie direct action of oxygea on the organic matters, and 
sufiscquont research extending over the past 50 years has revealed that 
self-purification of streams is essentially a biological process. In this sense, 
the ox 3 'gen contained m aerated or running wafer does not operate as a 
sterilizing agent, os once believed, but rather as a neutralizing or deodorizing 
agent for some of the gases resulting from the bacterial decomposition of the 
organic matters. Dissolved oxygen is also required for the maiafcnance of 
fish life. Although thus relegated to a secondary role, the amount and rate 
of disappearance of the oxygen which is contained in a gb’en water neverthe- 
less serves as an excellent indicator, first of the threatened disappearance of 
fish life and, with increasing pollution, as a warning of impending nuisance 
conditions. U'lth tlic understanding that bacteriological examination is a 
much better index of wholesomencss or fitness for drinking purposes, it has 
accordingly become eustomar>' to express the pollution of a given water in 
terms of its demand for dissolved oxygen when Teference is made to 
the threatened disappearance of fish life or to the approach of nuisance 
conditions 


One of the best-known cases of stream pollution is that of the 
Illinois River which is made to carry the sewage of Chicago. 
This situation is especial/y interesting because of the litigation 
which took place in 1901 between the State of Missouri and the 
City of St. Louis versus the State of Illinois and the City o 
Chicago. The complainants claimed that their water supp y 
would be endangered if Chicago were permitted to empty w 
sewage into the Illinois River. Another fact making this sj u 
ation of special interest is that chemical and bacteno ogica 
analyses have been made almost constantly on 
there is probably no other stream in the world on the sani 
condition of which so many data are available. The si ua ion = 
briefly this. Chicago, in order to lessen the f °p, • g 
Michigan with sewage, pumped her sewage into the 
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River, which in turn flowed into the Illinois River. To help the 
situation, water from Lake Michigan was used for diluting the 
sewage. So much of this was taken that complaints were made 
that the lake level was being lowered We have no space for a 
detailed discussion of all the phases of the controversies, those 
which have been presented should stimulate people especially 
interested or concerned to read into the subject. 

Sewage Farming. It was soon realized that sewage contained 
much food material for plants, and attempts were made to utilize 
it on sewage farms. These farms required sandy porous soil and 
one which w’ould not become clogged, a condition often described 
as “sewage-sick.” Although at one time the method was rather 
w’idely used in some places, it has been replaced by other methods. 
Such farms are said to be in existence near Berlin and several 
other cities It is obvious that human foods should not be raised 
on such farms One writer staled that much of the typhoid fever 
in Pans one summer was due to radishes raised on sewage farms. 
Certain types of grass have been successfully grown, however, on 
these farms. 

Filtration. Two kinds of filtration are used One involves 
the use of trickling filters and the other intermittent filters. Both 
types aim at as rapid oxidation as possible of the chemical con- 
stituents in the sewage. 

Intermittent Filtration. The effluent from some of the 
anaerobic methods may also be filtered through sand The sand 
must be coarse. The difficulties of the operation and also the 
scarcity of the proper sand caused the introduction of contact 
beds. Tlie sewage is applied to Uic beds very carefully in order 
that they may not become clogged The reactions which arc 
sought in the intermittent filter arc, in general, nitrification, the 
oxidation of reduced nitrogen to oxidized nitrogen, and similar 
changes. These take place mainly when the filters are empty, 
because air is used for oxidation. 

Contact Beds. These are concrete basins which are filled 
with broken brick, coke, stone, and so on, all of which greatly 
increase the surface area in the filter The beds arc filled, allowed 
to stand full for a period, emptied, and allowed to “rest” for a 
period. The period is known as a cycle Each of the pieces of 
filler becomes surrounded with a gelatinous film winch during the 
period when the tank is full adsorbs organic matter from the 
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sewage. ’When the tank is empty, the air permeates the filter, 
and the organic matter is oxidized. 

Sprinkling Filters. In this ractliod the hydrolyzed sewage 
from the anaerobic method is sprinkled periodically on a bed filled 
with crushed rock. The filters are constructed of such size that, 
while one half of the filter is receiving sewage, the other half is 
draining and being aerated. The changes in the sprinkling filter 
are also oxidatix’c in nature. 



Fio. lOS. Shotting floiv the SoMage is Delivered to fl Sprinkling Filter. 
(Cclambus, Okie) 


Aeration. Since one of the main objects in sewage disposal ia 
oxidation, engineers have discovered th.-it sewage may be aerated 
with very rapid oxidation of reduced substances. The ammonia 
is rapidly and completely changed to nitrates. Under these 
conditions one would expect rapid replacement of reduced com- 
pounds with oxidized compounds. It was shown by some of the 
early work that a tank of sewage was more rapidly oxidised if it 
were seeded with a little sludge from a tank which had been 
aerated. This indicated that something existed in this sludge 
which hastened o.vidation Because of this fact, such sludge 
became known as activated sludge, and the process of aeration as 


the activated-sludge method of sewage disposal. 

Swimming Pools. The swimming pool has become an jmpor 
tant sanitary problem in American life. It is general!)' a im c 
that swimming pools may be responsible for serious infections o 
the eyes and ears Such infections have made it nece-sary 
disinfect the water in swimming pools Unfortunately, sue 
disinfection has often been left to uniformed indi% idua s w o 
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SO overdosed the water that marked discomfort has beej] caused 
to those who use the pools. Such a condition is quite unneces- 
sary, for chemical methods of analysis arc available to determine 
accuratefy the amount of chemical added. In 1926 a report was 
presented to the Public Health Engineering Section of the Ameri- 
can Public Health Association on swimming pools and other 
public bathing places which embodied the best information on 
design, equipment, and operation of swimming pools that has 
been published. Those interested in the details should consult 
the original report.^ 

There appear to be no objections to chlorination of swimming- 
pool water if excessive doses arc not used. With proper control 
of hydrogen-ion concentration and the use of ammonia and 
chlorine, complaints should not result, according to some who 
have studied the matter. The residual chlorine should be main- 
tained as high as 0 0 part per million. E.xperiments are in 
progress on the use of bromine for swimming-pool disinfection. 
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CHAPTER 21 


BACTERIOLOGY OF MILK AND MILK 
PRODUCTS 

Milk constitutes one of the important foods of man. Its 
chemical constitution makes it susceptible to bacterial decomposi- 
tion, the prevention of which has been the subject of much study. 
As a cause of disease milk is not especially important, for millions 
of quarts are used daily in the United States without causing an 
undue amount of illness There are several diseases, however, 
the ctiologic agents of which, may be disseminated in milk. An 
important one of them has been tuberculosis. 

The Importance of a Wholesome Milk Supply. The character- 
istics of milk make it necessary that great care be exercised in its 
production and handling.^ Unlike many foods, milk is usually 
taken into the body in the uncooked state — pasteurized milk not 
being considered cooked milk. Moreover, it is used by almost 
every one every day, and, if it is unwholesome, there is constant 
danger of spreading infection. It is easy to see that a few gallons 
of infected milk might seed a large quantity and make it unht 
for consumption. Milk constitutes a large part of the food of 
children, a portion of our population which is indifferent to 
quality in foods and therefore must be protected. 

Bacteria in Milk. Great numbers of bacteria are not desirable 
in milk When large numbers arc present, the milk sours more 
quickly. Milk with large numbers of bacteria may also contain 
more objectionable bacteria than milk with few bacteria. Con- 
sequently, a low-count milk is much more to be desired than 
one with constantly large numbers of microorganisms. Most of 
the bacteria that gain entrance to milk are harmless. Only a few 
are objectional from the standpoint of disease. Conn, one of 
America’s first dairy bactenologbts, stated that good clean milk 
would have a low number of bacteria; a large number indicate 

* J. R Mohler, The Importance of a Wholesome Milk Supply, V S. Dept. 
Agr , But Animal Ind, Cite 153, 1910 
37S 
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‘‘'J'- 1' auditions of production 

and handling as high temperatures, lack of cooling, and dirty 
utensils. The bacteria m milk gain entrance from many sources 
and, therefore, are heterogeneous in type. It has become cus- 
tomao- to speak of a "milk flora" consisting of the bacteria 
usually encountered in it» 



Fio. UO. Pctri-Disli Preparation of Milk CoIIocJed under Clnan Conditions 
and Propprly Handled After Xfilking. This milk contained about 500 bactena 
per cubic centimeter. (A/trr Moffruder, 1910) 

Germicidal Action of Fresh Milk. Frequent examination of 
fresh milk revealed the fact that bacteria not only may not 
develop in fresh milk but actually may be destroyed in it. Vari- 
ous explanations nerc offered; not all bacteria liked milk, and 
therefore they died; milk might bo actually germicidal owing to 
the presence of antibody-hke substances. Among several such 
substances winch have been reported is lactenin. They arc in 
general destroyed by heat and must be short-lived, because the 
bacteria start to grow in a few hours. 

Bacteria in Milk in the Udder. Good fresh milk is knotai to 
contain bacteria when it is excreted from the udder. It was 
once believed that such milk was sterile, but work by one investi- 
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gator resulted in the knowledge that fresh milk, when it is 
excreted may contain as many as 1000 bacteria per milliliter. 
These bacteria are usually of no sanitary significance, especially 
if the udder of the cow is not diseased Mastitis, an inflammatory 
infection, is often caused by streptococci The streptococci with 
the pus W’hich they cause may be excreted m the milk. Some 



Fia. 111. Petn-Dish Proparalion vf Milk Not Oiolcd but Kept at 60“ F for 
24 Hours This milk contained 2,800.000 bactena per cubic centimeter. 

(Afler ilagruJer, 1910) 

outbreaks of septic sore tbroat and scarlet-fever have been traced 
to the presence of streptococci from infected udders 

Factors Influencing Bacteria in Milk. E.xpcrimcntal work has 
indicated that the cow’s environment (barn conditions) has less 
influence on the number of bactena in milk than was formerly 
supposed. Attention was given to improvements in barn sanita- 
tion and construction, and, although they were to be desired, they 
did not greatly influence the numbers of bacteria m the milk. 
This situation made it necessary to carrj’ out expensive research 
to find the important influences on bactena in milk so that atten- 
tion could be given to them Utcn-ils were found to bo the most 
important agents in tlu» connection. When they were carefully 
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cleaned, the number of bacteria that gained entrance to milk was 
Joo' even though the miik was produced under dirty barn condi- 
tions. Temperature influences development of bacteria after 
they have gained entrance to milk. Ideal milk is one which 
comes from healthy animals, is handled by healthy men, and kept 
cold until it is delivered. It is far easier to state these require- 
ments than it is to determine whether they have been observed 
For production of wholesome milk it is necessary to have constant 
co-operation of farmers, carriers, distributors, and housewives. 

Methods for Improving Milk Quality. Control and improve- 
ments of milk supplies have made necessary creation of many 
bureaus and departments in Federal and state governments. 
These are concerned with laboratory analyses as well as inspec- 
tions. Some of the more important methods of controlling qual- 
ity will be mentioned. 

Sanitary Inspection. This step in maintenance of a high- 
quality water has already been discussed. It was found that 
sanitary inspection often made laboratory analyses unnecessary. 
The same stand may be taken in milk work— a sanitary inspec- 
tion might reveal conditions which would preclude the necessity 
of laboratory work. Sanitary inspection of dairies has centered 
about the use of the score card on which are embodied those 
essentials of sanitation considered to be necessary for production 


of clean milk. 

The score card makes it possible to obtain o numerical rating 
of the dairj' and to stimulate rivalry among producers. The score 
according to the government score card considers both equipment 
and methods. The larger cities now have their own score cards. 

Medical Milk Commissions and Certified Milk.‘ These coro- 
missions represent another important step in the improvement o 
milk in the United States. The first medical milk commission 
was organized in New Jers^ in 1890. The State Medical Socic y 
attempted to secure improvements in production and sale ofc can 
milk by appealing to the state legislature. Although nee or 
such effort was recognized, the State of New Jersey cou no , 
at that time, undertake the work. Consequently, me tea me 
did the next best thing,' they suggested the formation of a c * 
mission to be composed of prominent health ofBcials an scien 

2 Milk Ordinance and Code Rccommeaded by 
Health Servwe. U. S. Pub. HeaUh Service, Pub. JUaUk Bull. 220, 1239 
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who had established reputations in the study of milk and dairy 
products. The commission prepared a set of rules and a sanitary 
code under which high-grade milk was produced. It was believed 
that the report of this commission would have great weight on 
account of the standing of its members. Those who were invited 
to membership on the commission chose the name Medical Milk 
Commission. From this first medical milk commission have 
developed many more scattered all over the country. 



After establishment of the Medical Milk Commission, it was 
necessary to have some means of designating milk which was 
produced under supervision of a medical milk commission, and 
the term certified was registered in the United States Patent 
Office; this was done in order to prevent the term from being 
degraded by dairymen having no connection with a medical milk 
commission * Certified mdk may be defined as milk produced 
under a legal contract between a medical milk commission and a 
dairyman; it must therefore meet the requirements of the com- 
mission, We need not take space to enumerate all the require- 
ments which must be met in the production of certified milk. 
Nothing IS left undone (with the exception of pasteurization) 

8 C. B, Lane, Medical Milk Comroisaions and the Production of Certified 
Milk in the United Sutca, V. S Depl Bur. Animal Ind., Bull 101, 1903. 
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which would raise quality. Thr«j types of examinations are 
made. A chcmist-bactoriologist makes periodic examinations of 
the milk, samples of wliich ]ic collects himself. A qualiaed veteri- 
narian examines the cous periodically. And lastly, representa- 
tives of the Medical Milk Commission also inspect the dairj'. 
When these examinations indicate that the milk is free from 
disease-producing bacteria, has a low bacteria count, possesses 
the proper chemical constitution, is free from forei^ matter, and 
so on, it is certified by the medical milk commission. Although 
these are very desirable requirements, it is not easy to determine 
tlicm For jnstincc, can even a qu.alified veterinarian positi^'ely 
say that a cow is free from diseases? Can a dairjman, for 
instance, always be assured that his hired hands are healthy? 
They may he examined h)' physicians and dc^’c/op disease imme- 
diately after the examination, or they may be infected and the 
infection may have been overlooked. Some of the help may 
regard a light sore throat as of negligible importance and ssy 
nothing about it It will bo apparent after a little thought that 
although the conditions for the production of certified milk are 
reasonable and desirable, there may be opportunities for unde- 
sirable milk to be certified. This Is proved by the several 
outbreaks of communicable diseases which have been traced to 
certified milk. Such milk is not necessarily safe milk, although 
in most cases it probably is. Properly pasteurized milk is safe 
milk In the spring of 1935, tjic Certified Milk Producers Asso- 
ciation and the American Association of itfedical Milk Com- 
missions, Inc.; adopted a resolution in whicli pasteurization of 
certified milk was endorsed but not mandatory. Such milk mu^ 
be labeled on the bottle-cap '^Certified Jfilk — Pasteurized. 
Pasteurized certified milk would approach the ideal milk more 
closely than has been possible in the past. 

It is well to point out definitely that certified milk is not the 
result of effort on the part of any government bureau. As stated 
in one of the pamphlets of the American Association of Medica 
Commissions, "the standards of cleanliness n’hich govern 6 
production of all certified milk were established by the medical 
profession. The originators of certified milk were a ° 
doctors who realized the need for a milk so pure and de nere s 
fresh that it could be used untreated exactly as nature 
all milk should be.” Those interested m the production and - 
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of certified milk have united to form the Certified Milk Producers’ 
Association of America and the American Association of Medical 
Milk Commissions. 

Pasteurization 0/ Mtlk. Pa&tcunzation of milk consists in 
heating it to a certain temperature, holding it at that temperature 
for a period of time, and cooling it promptly Health authorities 



Flo. 113. Show mg the I’asicurizing Room of the Highl,md Dairy Farms Co . 
St. Louis, Mo {CourUfy of the J G Cherry Co , Cedar Raptda, Iowa.) 

Ttie«e niftChuiM are autoRia'ieally oontrollc*! that tl>« malic w heated an acconiaace aitb th« 
beet pnictece 

arc agreed that this is the roost practical, economical, positive 
method for preventing disease dissemination by milk. Pasteur- 
isation of milk has been studied for 30 j’cars, and scientists have 
about agreed that a temperature of f61 with 

a holding period of 30 minutes, will render milk free from disease- 
producing bacteria The question will probably arise, why did 
bacteriologists select iust this tune and this icmjicrature from 
many other possible combinations? Mycobacterium tuberculosis 
<This 13 merely an aver-ige temperature Some cilie.s permit lower 

temperatiirrq ; others require hiRher trmperaturra The U S Public Zlealfh 

Service Milk Ordinance and Code recommenda 143'F (61 67“C ) 




282 BACTERIOLOGY OP MILK AND MILK PRODUCTS 

was, at one time, the important disease-producing bacterium in 
milk. Consequently much experimental work has centered about 
this microorganism. It has been found that the aforementioned 
temperature and time will destroy the Mycobacterium tubercu- 
losis in milk. This slalcmcnl of course implies that every par- 
ticle of milk will be thoroughly heated and held for the full 
holding period- 

Pasteurization when properly carried out is one of the simplest 
means of making milk safe. Improperly pasteurized milk gives 
the consumer a false sense of security. Some states have created 
bureaus for controlling pasteurization plants and inspecting 
pasteurizing equipment. Tlus will make pasteurization a still 
safer procedure. Finatiy, milk after pasteurization must be 
handled carefully and protected from contamination. 

Pasteurization has made great strides in the United States. 
Of all milk sold in cities with a population of 500,000 or more, 
98 per cent is pasteurized. The tendency in the state of Illinois 
is toward pasteurization of all milk which is not certified or pro- 
duced under conditions equivalent to those enforced for certified 
milk The City of Cliicago requires the pasteurization of all 
milk which is not certified. Much certified milk is pasteurized 
today. 

Method of Determining Quality in Milk. Since the value of a 
safe high-quality milk supply has been well established in the 
United States, some of the methods for attaining it might well be 
discussed. Details of these procedures may be loft for study 
in the laboratory. Quality and safety of milk are assured by 
two main efforts: inspection and control of the dairy and process- 
ing plant, and laboratory examination of the final product. The 
former has been discussed; the latter is discussed in the follows ing 
paragraphs. , 

The Plate Count. This consists of determmmg the total 
number of bacteria which will develop on a semisolid me lum 
under standard conditions of time and temperature. The coun s 
themselves are not especially significant, but they are 
to indicate the general conditions under which milk jis ceu 
produced and handled, 
per milliliter is considc _ 

possible to deliver milk to the consumer with many ess 
per milliliter. This does not mean that milk with more 
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30,000 bacteria per milliliter is dangerous Most supplies, at 
one time or another, have more bacteria, but cverj’ effort is made 
to find the reason. The United States Public Health Service 
Milk Ordinance and Code states that four counts, secured during 
a “grading period," shall be averaged logarithmically, and the 
counfaverage secured shall be taken as the count. Such a pro- 
cedure takes into consideration “sport” counts. 

Sediment or Dirt Test Good milk should be clean This may 
be determined quite satisfactonly by the homemaker by carefully 
examining the bottom of tlie bottle as she brings it from the 
doorstep. In the laboratory a pint of milk is forced through a 
white cotton disk on which visible dirt is retained These disks 
may be dried and filed or sent to the dairyman 

Dye Reduction Tests After much research, methods involving 
decolorization of dye solutions added to milk samples have been 
developed for grading milk They were arrived at by testing 
milk of all grades of cleanliness and age. A good satisfactory 
milk was found not to reduce methylene blue in milk in 8 hours, 
resarurin in 1 hour.' These tests are known as the methylene blue 
reduction test or reductase test and the resazunn tost. 

Considerable technical knowledge and skill are required to 
appraise a milk supply. Laymen who are not trained in milk 
technology arc not competent, no matter how informed they may 
be in other fields. Good judgment must be used, and that comes 
only from training and experience. Those who try to appraise 
milk without it, no matter how good their intentions, are little 
more than agitators and may do much harm 

Diseases Spread by Milk. The diseases spread by milk are 
caused by bacteria which are contributed to the milk by the cow 
and bacteria contributed to it by men. Some of the former arc 
tuberculosis, undulant fever, scarlet fever, and streptococcus sore 
throat; some of the latter are typhoid fever, Salmonella fevers, 
dysentery, cholera, and diphtheria Pasteurization destroys 
the bacteria causing these diseases, else there would be many 
epidemics each year 

Tuberailosts This disease attacks the cow, and tlie tubercu- 
losis microorganisms may appear in the milk. It is now generally 
admitted that the bovine type of the tuberculosis organism may 
cause infection m human beings. It was once stated that about 
one tenth of the tflberculosis of bones, joints, and lymph nodes 
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in adults and one fourth of tuberculosis of these types in chifdren 
was due to the bovine type of the microorganism. About 10 per 
cent of the tuberculosis in human beings under the age of ten 
years was due to the bovine type of the microorganism spread by 
milk. One is qui te likely to consider such data indifferently until 
he has an opportunity to study data on definite cases. The report 
of one case may be reproduced here. It is taken from one of the 
dairy journals. 

' ’ ■ — of Edgar County had hia cattle tested for tuberculosis, and 

one cow reacted He did not believe in the tuberculin test and later took 
the tag out of the animal’e ear. The cow looked healthy, and he told his 
men that there was nothing the matter with her. He talked so much that 
one 0 / hjs tenants was induced to take her in payment /or work, Jle used 
her for a family cow. In hjs family there were seven children In the 
spring Some of the childrea comioettced to comphin and were sicify* 
Finally a phj-sician was consulted, and five of the children were found to 
have tuberculosis. The oldest and youngest children did not take the 
disease. The youngest child was still nursing and did not use the cow’s milk 
The oldest child was not allowed to use the cow's milk, since it was thought 
better to give it to the younger children The five children were sent to a 
tuberculosis sanitarium It was thought that one of them would die. The 
farmer was fined $150 for selling a tirbercufosis animal. The cow was Med 
and, when posted, showed a generalized tuberculosis 

Another account quite simi/ar to the one just reporfetf ti-as 
published by King in the Journal of the Veterinary Medical Asso- 
ciation. The details in this account are just as convincing. Cor- 
respondence with Dr. King revealed that other cases had been 
found; he believed that it was possible at that time to find fhom 
in almost any community if one would take the time to search 
for them. Such accounts should convince anyone of the value of 
pasteurization; they should stimulate us to take an active part 
in all efforts to stamp out the disease. 

Tuberculosis in cattle is a deceptive disease.® It progresses 
insidiously while virulent tubercle bacilli are being excreted in 
the milk. The United States Department of Agriculture, July 1, 
1917, instituted a most aggressive campaign to stamp out t e 
disease among dairy cattle, because the loss of cattle each >car 
had reached the staggering sum of $40,000,000. This program, 
it must be admitted, was not primarily the result of an altruis ^ 
plan to protect human beings from infection but vas grea y 
5 Control of Bovine in TubercuIosB in the United States, U. 8. P 

rr .,.1 c. n-.L Jtl IQIR iai?l-24 
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stimulated by the desire to prevent losses and to increase the 
value of herds. The various states in the Union also joined the 
eradication program After 23 years of effort, all counties and 
Territories of the United States are modified accredited free areas 

Streptococcus Infections These have been serious at times. 
The most common infections in human beings caused by strepto- 
cocci in milk are streptococcus sore throat and scarlet fever 
Both of these diseases are caused by similar if not identical 
streptococci, which show /y-hemolysis on blood agar plates As 
far as can be determined, septic sore throat and scarlet fever are 
the same disease with a rash in scarlet fever and none in septic 
sore throat. The name Streptococcus epidemtcus has been given 
to streptococci isolated from infected throats Some bacteriolo- 
gists have stated that the otiologic agent m septic sore throat is 
Streptococcus pyogenes The cause of mastitis in dairy cattle 
is Streptococcus agalactiae nhich, as far as is known, is not 
pathogenic for man Epidemics of septic sore throat and scarlet 
fever have been largely caused by raw milk 

Vndulant Fever {Brucellosis). Members of the genus Brucella 
arc ctiologic agents Three species are now recognized: Brucella 
abortus, Brucella melitcnsis, and Brucella suis, wbicJi are very 
closely related. Brucella abortus was first isolated as the cause 
of abortion in cattle; Brucella melitcnsis is the cause of Malta 
fever, which is probably the undulant fever of today ; and Brucella 
suis is the cause of abortion m swino. The bacteriological details 
of undulant fever may be left for more advanced work in bacteri- 
ology. Undulant fever is a devitalizing infection which may be 
either acute or chronic. It is acquired from raw milk, infected 
meat, and also from discharges The organisms appear in the 
milk of infected animals, which makes pasteurization necessary. 

Typhoid Fever. Typhoid fever is also n milk-disseminatcd 
disease. It differs from tuberculosis in that the ctiologic agent 
is not contributed to the milk by the cow. JliJk becomes con- 
taminated w’ith Eberthella typhosa in the same manner as do 
other foods. The infection may be earncr-borne. Typhoid-fever 
organisms may also multiply in milk. Frost enumerated the 
following factors w’hich influence the dissemination of typhoid 
fever by milk: 

1. The sources of infection to which milk is exposed 

2. The oppoTtumtics afforded for infective material to be introduced into 
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the tubercle bacilli were killed during the ripening process. Cream 
cheese was found to be especially liable to cause tuberculosis since, 
when the milk is centrifugaliaed, the bacilli appear in the cream! 
This indicates that milk used for making of cheese should be 
pasteurized. 

Different Types of Cheese. Many different types of cheese 
exist, distinguished irora one another in various n^ays. Some are 
made from curd separated from milk by acids; these are called 
acid-curd cheeses. Others arc made from curd separated by 
rennin; these are called rennin-curd cheeses. Some are named 
from the town or locality in which they originated. 

Cheddar Cheese. This cheese is Ihe common h.ird variety which is sold 
in the United States. It is made in different countnes but tha greatest 
amount is made and used ia this eovatry. Chedd&r cheese is made hy 
curdling milk with rennin, cutting the curdled mass info small pieces, salting 
it, and pressing it into large cakes or heads. Bacteria continue to grow and 
produce decomposition products which are characteristic of this t^Tie. 

Camembert and Roquefort Cheese. These types are discussed in the 
chapter on molds. 

EmmenthaleT Cheese. This is abo known as Swiss cheese. It is charac- 
terised by appearance of numerous large holes conlaining gases formed by 
the fermentation of the lactose or milk sugar. The gas is mainly enrbon 
diovide; propionic and acetic acids are formed in appreciable amounts, 

Limburger Cheese. Limburger cheese is a putrefactive product, It is 
prepared by allowing the decompositions which take place in the making 
of practically all cheese to go further toward completion. Instead of all 
proteins being left in the peptone and proteose stages, some are taken to 
amino acids and other decomposition products which have been discussed 
IB. the chapter on the nitrogen cycle. As prenously stated, all cheeses are 
really putrefactive products, the flavor or aroma depending on the specia 
decomposition products which are formed. 

ICE CREAM 

Ice cream is popuiar in tJie Vnited States, and its manufacture 
is extending rapidly to otber countnes. Since it is made large y 
from milk products, it presents somewhat the same problems as 
do the other dairy products. 

It is now quite generally agreed that the number of bac eria 
in ice cream is determined by the conditions under ^ 
made. Raw materials with large numbers of bacteria hand e m 
bacteriologically unclean apparatus, will give a product 'vm 
high count. On the other hand low-count ingredients ' 

gelatin, eggs, sugar, condensed milk, and flavors) handle Jn c 
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apparatus will give a low-count product. Only in this way is the 
count itself significant. One investigator who has done much 
work on ice cream suggested that a bacteriological standard of 
not more than 100,000 bacteria per milliliter or gram be permitted. 
Most of the ICO cream produced today has fewer than 25,000 bac- 
teria per gram while many plants turn out a product with a daily 
average of 10,000 bacteria per gram throughout the year. It has 
been suggested that by rigorous control in manufacture the 
bacterial content of icc cream may be kept below 1000 per gram. 

One important step in ice-cream manufacture is pasteurization 
of the ice-crcara mix. About one half of the states now require 
it in order to make icc cream safe More careful control and 
demands by health authorities have caused a gradual raising of 
the pasteurization temperature. It is now believed by many in 
the industry that the mix should be heated to 71.I"C. (160°F.) 
for 30 minutes. 


FERMENTED MILKS 

In many countries where herds of lactating animals constitute 
their owners' wealth as well as mam source of food, it is necessary 
to attempt preservation of milk. The best method of preserva- 
tion IS souring, in which condition the milk will keep for a long 
period of time. In America milk is soured for therapeutic use; 
such milk IS spoken of as fermented milk. Fermented milks vary 
from the by-product of butter making, buttermilk, to milks fer- 
mented With pure cultures of bacteria. In countries of southern 
Europe, where soured milks arc used to a considerable extent, 
many kinds are made, depending on whether milk from the mare, 
sheep or goats, is used, as well as on the microorganism used for 
fermentation It is not necessary to discuss all these types. 

The use of soured milks in the diet is an old practice, but 
therapeutic use of these milks is, perhaps, of newer interest, at 
least in the United States. Mctchnikoff once explained longevity 
of human beings, especially those living in southern Europe, on 
the ground that they used large amounts of fermented milks. 
Premature death, according to MetchnikofT, was due to arterio- 
sclerosis (hardening of the arteries) ; this, in turn, was caused by 
autointoxication; autointoxication resulted from intestinal putre- 
faction, and intestinal putrefaction from presence of undue 
numbers of putrcfactiic bacteria in the intestines. MetchnikofT 
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argued that if these putrefactive bacteria couid be repiaced by 
saccharrolytic bacteria, the evil products of putrefaction would 
not be formed to be taken into the blood. Therefore, he advised 
use of fermented milk which contained lactic acid bateria; these 
split carbohydrates and replaced those which decomposed protein. 
It is well known that putrcfactii'c bacteria cannot tolerate pres- 
ence of bacteria which split carbohydrates because the latter form 
organic acids which are inimical to putrefactive bacteria. 

AIotclinikofT also believed that these undesirable bacteria could 
be replaced by a process called “implantation"; the desirable acid 
formers ncrc bcljcvcd to take up their abode in the human 
intestines to act os continual inhabitants. The organism which 
was behoved to do this best was Lactobacillus bulpnricws. These 
claims of MctchnikofT did not go unnoticed. Numerous investi- 
gators tried to confirm them. Investigations, instituted at Yale 
University under direction of Professor Hettger, were, in the main, 
concerned with an organism called Lactobacillvs acidophilus, a 
very near relative of LaclobaciUm bulgaricui and probably con- 
fused witii it by many of the earlier workers. 

Milk fermented with Lactobacillus acidophilus is known under 
the name of “acidophilus milk." This fermented milk has been 
mucli advised for many different ailments; it seems to be of 
greatest value when undesirable conditions o.vist in the alimentary 
tract. Kettger found that a carbohydrate-rich diet, with a heavy 
inoculation of the bacilli, would bring about desirable changes m 
the shortest time. It is gcncrall}' agreed that daily ingestion of 
sufficiently large amounts of lactose results in marked increase in 
the numbers of Lactobacillus acidophilus, since they are always 
present in small numbers; m due course of time other intestinal 
bacteria are reduced to a negligible number. Bass found, hon e\ er, 
that it required more than 300 grams of lactose a day to estabhs i 
i/acfohacillus cndop/idus as the predominating microorganism 
Unfortunately such quantities of sugar arc too large to bo ta en 
over a long period of time; hence the practical value o is 
method is quite limited. The investigations made by Bass on 
the use of cultures of Lactohaallus acidophilus for therapeu w 
purposes, including a large number of experiments on 23 
subjects, have confirmed statenaents of Rettger and his co ' 

Bass called attention to the danger of loftking the same 
mistake with Lactobacillus addophdiis that was ma e 
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Lactobacillus bulgaricus He stated that enthusiastic workers 
have reported most striking therapeutic results following adminis- 
tration of broth cultures of lAictobacillus acidophilus in teaspoon- 
ful doses, only a small fraction of the amount of culture that 
others have found necessary to change, noticeably, the intestinal 
flora. 

The market is flooded with many preparations including 
acidophilus milk, tablets, and liquid cultures of the organism. 
Bass examined some of them to determine the number of viable 
cells therein. In the tablets he could never find more than 1000 
viable cells per tablet. If it should be granted that all of these 
1000 viable cells were Lactobacillus acidophilus, it would take 
more than one billion tablets, or more than 20 tons, to contain as 
many living bacilli as are contained in 1000 milliliters, the ordi- 
nary daily dose, of acidophilus milk, the quantity found by most 
investigators to be necessary for the transformation of the flora. 
Bacteria were somewhat more numerous in the liquid cultures. 
If all of the viable cells in liquid cultures were Lactobacillus 
acidophilus, a patient would have to drink 7 or 8 gallons daily 
to get as many as he would secure in 1000 milliliters of properly 
prepared fresh acidophilus milk. Such information indicates the 
insidious character of some of these preparations 

The work of Bass is nicely confirmed by James who examined 
107 samples of commercial acidophilus preparations of which 13 
produced in reasonably pure form the species of microorganism 
indicated on the label; 15 of the remaining samples were suffi- 
ciently pure and presented viable oiganisms in sufficient numbers 
to have possible value The rest were practically worthless as 
representing cultures of the species indicated. 

CONCENTRATED MILES 

Several types of concentrated milks are sold on the American 
market. Of these condensed and evaporated are best knorni, 
although milk powder is rapidly gaining a plate. In the prepara- 
tion of condensed and evaporated millu much water is driven off 
in vacuum pans. Sugar is added to the condensed milk, whereas 
the evaporated milk is unsugared The sugar helps to preserve 
condensed milk. Most of such milk is canned for distribution to 
the public Some is held under aseptic conditions for the making 
of ice cream. Bacteriological examinations of cans of condensed 
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and evaporated milks have shown that they may not be sterile. 
The bacteria may be dormant and not develop. Such bacteria 
are of no significance. Bacteria which can grow in the cans and 
cause spoilage usually do so before the cans reach the consumer. 

Jlilk powder differs from condensed and evaporated milk in 
that most of the water has been removed. Jlilk powder is not 
sterile but may contain varying numbers of bacteria. Soroe sani- 
tarians have stated that dried milk would eventually replace the 
present supply of fresh milk. 
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CHAPTER 22 

INDUSTRIAL FERMENTATIONS 

MICROORGANSMS FOR THE PREPARATION 
OF VARIOUS SUBSTANCES 

In several places in this book mention has been made of appli- 
cations of microorganisms for carrying out certain procedures. 
Bacteria arc best known to the layman, as agents causing disease 
In this chapter instances are discussed in which they help man 
to prepare certain materials xrhich arc made with difficulty by 
other methods. These are often spoken of as biological or indus- 
trial fermentations. 

Altiiough industrial fermentations always face the possibility 
that a cheaper chemical method for making materials may be 
found, many arc conducted on a large scale. During times of 
emergency, military or economic, when cost can be given second- 
ary consideration, biological methods arc often introduced. 
Generally these cannot compete economically with other methods 
of manufacture during normal economic conditions. 

Industrial fermentations arc conducted with oil three common 
groups of microorganisms: that is, yeasts, bacteria, and molds 
We shall limit this discussion to the more important industrial 
fermentations. 


YEAST FERMENTATIONS 

Ethyl Alcohol. Production of cthjd alcohol was perhaps the 
first biological process for the preparation of a chemical com- 
pound of industrial significance. It is the most important 
fermentation in use today. Ethyl alcohol has wide usage m 
the chemical industries, both as a raw material for other pro - 
uots and as a solvent. It is incorporated in fuel for interna • 
combustion engines in countries having limited petro eum 
resources. Adoption of the practice in the United States ^ 
been advocated. Other new uses for alcohol undoubtedly wi 
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developed in time, which will aid chemurgists to fulfill their 
desires of utilizing more agricultural products in the chemical 
industries An excellent example is the use of vast quantities of 
othyl alcohol in production of butadiene, a major constituent 
of butadiene-styrene (Buna S) synthetic rubber during World 
War II. Considerable industnal alcohol is also produced from 
petroleum 

Ethyl alcohol is the product of a yeast fermentation of sugars. 
The raw materials can be those found in a fermentable form in 
nature, or those which can be converted to a fermentable form. 
The best examples of the naturally occurring sugars are cane 
and beet molasses, the former being the most widely used raw 
material. Both kinds of molasses are by-products of the sugar 
industry. 

Molasses fermentations are conducted by diluting molasses 
with water to the proper sugar concentration, adding certain 
yeast-growth-promoting substances such as amiponium and phos- 
phate compounds to insure rapid rates of yeast growth and 
fermentation, and inoculating with a pure culture of Saccha- 
romyces cerevtstae. Much heat is evolved during fermentation, 
and 60 means of controlling the temperature m the huge fer- 
menters must be employed. Alcohol fermentations are often 
conducted m vessels of 100,000 gallons capacity After the fer- 
mentation IS completed, the mash is distilled to secure the alcohol, 
and the residue material is discarded. 

Complex carbohydrates are widely used for alcohol production. 
Cereal grains, used for beverage and industrial alcohol, contain 
the carbohydrate in the form of starch, which is not fermentable 
by yeast. Starchy materials ate cooked under high pressure to 
gelatinize the starch and then converted to the fermentable sugars, 
maltose, and glucose, by enzymes contained in the barley malt 
added to the cooked mash after cooling. Yeast is added, and the 
mash is fermented and subsequently distilled to recover the 
alcohol. Potatoes are used for alcohol production in European 
countries such as Germany and Poland. Valuable by-products 
are recovered. These arc discussed later. 

Besides malt, three other moans of converting starch to fer- 
mentable sugars are available. The first is the amylo process 
Tihcrcin certain molds are employed to saccharify the starch prior 
to fermentation The second method employs mold bran alone or 
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in conjunction wjtli small amounts of barley malt. Certain 
molds, such as Aspergillus oryzae, are grow’n under controlled 
conditions on bran or other materials until large amounts of 
amylase are produced. TIjc resultant product is carefully dried 
to preserve it until used. It is used like malt to saccharify 
gelatinized starcli. The third method, nhich has received little 
favorable attention, is hydrolysis of starch n-ith n cak acid. JIalt 
is still the most widcl}’ used saecharifying agent, but many vari- 
ations of the procedures arc employed, the most recent advance 
being adoption of continuous cooking and malting. Grain and 
water mixtures arc pumped through a long pipe while being 
Ijeatcd by injected steam, then withdrawn at the other end, and 
suitably cooled to tlic temperature optimum for malt action. A 
water suspension of malt is added before the mixture passes 
through another pipe system used to maintain the proper 
temperature for rapid amylase action, and then the mash is 
placed in the fermenter. Operational economies result from this 
practice. 

Anotlicr source of alcohol, sulfite liquor, is used in the 
Scandinavian countries and is receiving serious consideration in 
tlic United States and Canada. Sulfite liquor is a waste product 
of paper making. IVood is shredded and cooked at high tem* 
peratures in the presence of sodium sulfite to extract the binding 
material, lignin. The soluble portion, known as sulfite liquor, 
is separated from the cellulose fibers which are used for paper. 

It contains bctn'cen 1 and J.5 per cent glucose derived by 
hydrolysis of hemicclluloscs. In the United States and Canada, 
alcohol from sulfite liquor has not been practical because pro- 
duction costs have not allowed it to compete with alcohol from 
cheaper sources such as molasses. Recent research has sliown 
improvements witii resultant economies; one plant is now oper- 
ating at Thorold, Ontario. Other ogricultural wastes, contammg 
hemicelluloses and celluloses may provide new sources for aico o 
in the future. Germany has made sug.'ir and alcohol by aci 
hydrolysis of wood and wood wastes by the Scholler-Tomesc 
and Bergius processes. Further improvements on 
have been made by the Forest Products Laboratory ^ 

States Department of Agriculture at Sfadison, B’^is Ex'cn ua 
such a process may allow gainful utilization of substandar wo 
and sawmill wastes. 
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Alcoholic Beverages. The manufacture of alcoholic beverages 
is a large industry. A number of such products are prepared, and 
these will be discussed briefly. The art is a very old one. 

Beer is a beverage containing 3 to 6 per cent alcohol and 3 to 
7 per cent solids. It is prepared mainly from malted and 
unmalted cereals, among which malted barley holds a predomi- 
nant place. An average grain bill might consist of about 70 per 
cent malted barley, one to 1.5 per cent hops, and the remainder 
of adjuncts such as rice and com The adjuncts arc cooked in 
water by boiling, and added to an infusion of barley malt where 
starch saccharification takes place. Then tiie mash is filtered in 
a lautering tub, giving a clear straw-colored filtrate known as 
wort, Viluch is boiled with hops. Hops contain certain resins 
which arc extracted by boiling and give the desired characteris- 
tics. The cooled wort is then transferred to fermenters The 
yeast, Saccharomyces cerevtsiae, is added to ferment the sugar 
to alcohol, giving a “young beer” which is cloudy and possesses 
undesirable characteristics. These are corrected by aging. After 
throe or four weeks the beer is filtered and carbonated before 
being dispensed into bottles, cans, or kegs. Bottled and canned 
beer is pasteurized, keg beer is not. 

Spirits. Potable spirits are prepared by distillation of cereal 
grains fermented m niuch the same manner as for industrial 
alcohol The distillation stage is carefully controlled so that the 
distillate contains about 80 per cent alcohol The spirits are 
manipulated in certain ways during aging, ll’/nsfcey is made by 
storing spirits in charred casks from which resms and other 
materials are extracted to impart the characteristics of that 
beverage Whiskey contains about 60 per cent of alcohol. Gin 
is an aromatic potable spirit, the characteristics of which are 
derived from the jumper berry and other flavoring matter. 

Wine This is another fermented beverage of early origin. It 
is made from fruit juices rich in carbohydrates. Wine is the 
product made by tiie “normal alcoholic fermentation of the juice 
of sound ripe grapes, and the usual cellar treatment,” a definition 
established by the Food and Drug Administration. A dry wine 
is one in which fermentation of the sugar is practically complete 
A sweet wine is one in which the alcoholic fermentations has been 
arrested Fortified wines are those to which brandy has been 
added to raise the alcohol content, generally to about 20 per cent. 
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Sparkling wines are those which have had a secondary fertnenta* 
tion in the bottle, so that they will contain considerable quantities 
of carbon dioxide, which gives the sparkling appearance when 
the bottle is opened. Champagne is a type of sparkling white 
wine. Brandy is prepared by distilling fruit wines. 

For the manufacture of wine, the juice of grapes is expressed 
and transferred to fermenters. A pure culture inoculum of 
Sacchoromyces cereviaiae van ellipaoideus is added, and the 
fermentation is allowed to proceed to completion at low tempera- 
tures. Lower temperatures result in slower fermentations 
which impart better flavors to the wine. After fermentation is 
complete and the yeast has settled, the wine is racked (decanted) 
from the lees (containing considerable tartrate salts and yeasts), 
filtered, and placed in a clean storage tank for aging. Better- 
quality wines are aged for as long as two or three years. Various 
cellar practices are followed to give the distinct flavor characteris- 
tics of the type of wine to be produced. After aging, the wine is 
filtered again, bottled, and pasteurized, and is ready for the 
market. Unless otherwise stipulated, wine is legally the fer- 
mented product from grapes. Other fruit wines are made, but 
the name of the fruit must be mentioned. 

Bread Yeast. INfanufacturo of special yeast for the baking 
industry is a development of fairly recent times. Formerly 
brewer’s yeast ^s'as added to the dough mixture, but only those 
persons residing near breweries were able to secure yeast. 

Bread yeast is produced in (ho United States from molasses 
(cane and beet), hlolasses is diluted to the desired concentra- 
tion, usually about 5 per cent sugar, adjusted to pH 4 5 to 5 with 
sulfuric acid and necessary mineral salts added. After steriliza- 
tion, It is inoculated with a pure culture of the desired yeast, a 
strain of Saccharomyces cereviaiae. Ammonia is added during 
the fermentation to supply nitrogen and afc the same time mam- 
tain the optimum pH Unlike the alcoholic fermentation, sterile 
air is forced through the medium in order to stimulate the devel- 
opment of the yeast crop. Little alcohol occurs in the ana 
medium, the yeast metabolizing the alcohol to carbon dioxide ani 
water. Much larger yeast crops are secured by aerated ^ 
unaerated fermentations. At the end of the growing process le 
yeast is separated from the wort by centrifuges or by filters, an* 
after washing the yeast is finally cut and pressed into the retail 
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packages. A small amount of flour is sometimes added before 
pressing to aid m molding of the cake 

Food Yeast. Yeast is a valuable supplement to the diet; it is 
a good source of protein, though deficient m the essential amino 
acids, cystine, and methionine, and is a relatively potent source 
of the vitamin B complex. Since yeast is relatively efficient in 
converting its own growth substances to cell material, it has been 
advocated as a means of producing food for higher animals. At 
the outset of World War II the British Isles were m need of more 
high-protein foods than could be easily supplied by importation 
of meats. The English bacteriologist, Thaysen, developed a 
mutant strain of the nonsporulating yeast Torulopsis utilis which 
was claimed to be even more efficient than common strains of 
yeast in converting carbohydrates to cell proteins. Since ocean 
shipping space was at a premium, limiting molasses shipments, 
the British Government started producing this food yeast in 
Jamaica. Tlie general procedure is similar to the process of 
manufacturing bakers' yeast. 

The Scandinavian countnes also needed considerable protein 
for food and livestock feed They also resorted to yeast pro- 
duction, utilizing sulfite liquors, a low-sugar-containing medium 
which is a waste product from the manufacture of paper pulp. 

Glycerol Fermentation. Small amounts of glycerol have been 
known for a long time to be formed m the fermentation of sugars 
to alcohol The exigencies of World War I made it necessary to 
seek other methods of preparation. Industrial preparation is 
principally by saponification of fats and oils used in making of 
soap. Neuberg discovered that acetaldehyde, an intermediate 
compound in carbohydrate metabolism by yeast, could be reacted 
with sodium sulfite, and that glycerol then became a major 
fermentation product: 

CisHnOe 4- H2O— ►CII3CIIO + CsHaOs 4- CO2 

GlueoM Aoetaldehyda Gyovrol 

From this information a number of processes were developed 
for the manufacture of glycerol by fermentation. Connstcin and 
Liidecke developed the German process using sodium sulfite. 
When the weight of sulfite was twice that of sugar, there was a 
yield of 36 per cent of glycerol. Later Cocking and Lilly modi- 
fied this method through use of mixtures of sodium sulfite and 
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bisulfite which resulted in more rapid fermentations and some- 
what higher yields. Eoff, Lindner, and Beyer of the Bureau of 
Internal Revenue developed an American process as a result of 
reports that glycerol was being made in Germany by fermentation 
methods. These workers conducted the fermentation in an 
alkaline medium without sulfite, the renct'wn being: 

ZCcHisOo + HeO — > fiCaHsOs + CHsCOOH + CjHsOH + CO- 

Gluooee GJifuroI Acetic scid Ethyl elcohol 

Sodium carbonate was used to keep the medium alkaline. YieJds 
of 20 to 25 per cent were secured. Fermentation methods for 
glycerol production have not been important owing to the expense 
of recovery from the mash and the low price of glycerol secured 
by other means. 

BACTERIAL FERMENTATIONS 

Acetone-Butanol Fermentation. This is the most important 
application of bacteria for the preparation of industrially signifi- 
cant compounds Before 1910 the literature of bacteriology 
contained statements that bacteria could form acetone and 
butanol from starch. World War I made it necessary to produce 
much larger amounts of acetone than were available by the 
methods in use at that time, one of which was the destructive 
distillation of wood. Fcmbach, a French biochemist, isolated 
an organism which produced significant amounts of acetone from 
starch, and Weizmann later perfected a similar process. Since 
that time considerable study has been given to this fermentation. 

In the industrial-fermentation method corn or molasses are 
used as the raw materials. Corn is ground and cooked in water 
at high steam pressures to gelatinize the starch and sterilize the 
mash. The sterile mash is then transfcrrec] to sterile fermenters 
and inoculated with Closfriditm acefobutt/li'cujn "Weizmann. 
Unlike yeast, this organism is able to saccharify starch, and con- 
sequently no malting procedure is required. It produces approxi- 
mately 30 parts of acetone, CO parts of n-butanol, and 10 
of ethyl alcohol with small amounts of acetic and butj’ric aci s 
from 100 parts of sugar. Although acetone was the ongina } 
desired product, the butanol has become a most valuable pro uc 
through its use as a solvent in the paint and lacquer industries. 

By selecting other organisms of the Clostridium group, o ic 
fermentation products may be secured. The Clostn i«m p 
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teurianum and Clostndium sacchaTobutyncum groups give rise to 
large amounts of butyric and acetic acids Organisms of the type 
exemplified by Bacillus macerans and Bacillus acetoethylicum 
produce mainly acetone and ethyl alcohol as their fermentation 
products. Clostridium butyhcum produces butanol and iso- 
propyl alcohol, along with lesser amounts of butyric and acetic 
acids These latter groups have not received so much serious 
attention as have the butanol-acetone organisms. 

Vinegar Fermentation. The word vinegar comes from French 
words meaning sour wine This indicates one of the first raw 
materials used for making vinegar The microbiology of the 
vinegar fermentation was one of the early subjects for study. 
Pasteur helped to draw attention to this product by a classic 
report w’hich still has value for present-day bacteriologists. 

Vinegar is probably not a food m the sense m which many other 
substances are. it is used both as a condiment and a preservative. 
It is a fermented product containing over 4 per cent acetic acid, 
along with other substances which give it the proper color, flavor, 
and aroma. 

Any material which has an appreciable carbohydrate content 
is suitable for the making of vinegar. In the United States apple 
juice is the common raw material Grape juice and malt extracts 
are often used for special-purpose vinegars. 

Two mam fermentations are involved m the vmegar-making 
process The first is the alcoholic fiermentatton m which the 
fermentable sugar is converted to alcohol by yeast. Fresh apple 
juice in large tanks or vats is inoculated w ith a pure yeast culture. 
For each 100 parts of sugar m the substrate there should be 51 
parts of alcohol, according to the following equation: 

C6Ht20o — ^ 2C2n50H -f- 2C02 

IleduciDg tugar FUiyl al«obol CvboB dioxida 

This is the theoretical amount, it is a little more than the amount 
usually secured, for the yeast uses a small amount for other 
purposes. * 

The second fermentation is the oxidation of the alcohol of the 
“wine” to acetic acid. Tins is spoken of as the acetic acid /er- 
mentation or as acetification. 

C 2 H 5 OH + 02~»'CH3COOH + H 2 O 

UlMl Ucobbl AecUg »cid 
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The organisms bringing about this reaction are bacteria grouped 
physiologically under the name “acetic acid bacteria/’ and they 
belong to the genus Acetobacter. These bacteria require special 
conditions to do the greatest amount of work. The material 
which they ferment should contain not more than 15 per cent of 
alcohol, preferably less than 10 per cent. For each 100 parts of 
alcohol, there should be 130 parts of acetic acid formed. 

Acetic Acid Bacteria (Acetobacter). Bastcur wrote an early 
paper on vinegar fermentation, but it remained for Emil Christian 
Hansen, a Danish bacteriologist, to reveal the more deeply lying 
facts. Hansen described two microorganisms under the names 
Bacterium aceti and Bacterium Pasteurianum. Another organ- 
ism was described later as Bacterium Kuetsingianum. All these 
organisms differed in salient characteristics which need not be 
reproduced hero, since descriptions are available in various texts. 
The members of Acetobacter are quite pleomorphic, an observa- 
tion which was made by even the earliest workers with them. 
Another active organism in the oxidation of alcohol to acetic acid 
is Bacterium xylinum. These names have been changed to Ace- 
tobacter acetic Acetobacter xylinum, Acetobacter Pasteurianum, 
and so on, in accordance with the more recent classifications of 
the bacteria. Pure cultures of these bacteria have been found to 
give better vinegar. They are supplied by some of the agricul- 
tural experiment stations. 

The organisms concerned in acetification grow on the top of the 
substrate in a thick jelly layer which is known as “mother ol 
vinegar,” This is comparable to the starters which are used in 
the dairy industry. The “mother” floats on the surface of the 
acetifying liquid; it is made up of both the bacteria and yeasts 


which live together. 

ilfefftods of Making Vinegar. All the methods of making 
vinegar differ mainly in respect to the mechanical devices in 
which the yeasts and bacteria work. They involve special con- 
trivances for giving bacteria optimum conditions in which to /ve. 
Man has other situations quite similar to this. Bees 
specially constructed houses in which to lay away noney. 
is the septic tank in which anaerobic bacteria decompose orga 
matter. So the vinegar maker resorts to the same 
he wishes to have the microorganisms do the greatest am 
of work. 
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Domestic Method. This is the commonest method for 
preparation of vinegar under domestic conditions. The casks are 
usually 50-gallon barrels fitted as shown in Fig. 114. The barrel 
should be so filled and constructed that there is plenty of air and 
an opportunity for drawing off the vinegar and adding more sub- 
strate to be fermented. The time required depends on several 



Fio, 114 Cask for Vinegar Fermentation. {A/ler DioUtti) 

A, Air Inlet, nir paaeee ever the iurrieeet (be nediun. S, eir eutlet, P tod <3, fiuiael end kIsm 
tube lor filbeg. S, tube (or drewing off vlneger A epicot mey be used. 

factors. The main disadvantage of the domestic method is that 
it is regarded as an automatic process which requires very little 
attention. The use of pure cultures according to directions which 
may be secured from several experiment stations will give a final 
product not only richer in acetic acid but also possessed of a 
better flavor and aroma. 

The Quick-Vinecab Method or German Mctiiod. In this 
method the vinegar maker has done what he can to help the 
microorganism ^ork at a rapid pace. The apparatus used is 
called a generator. It is an upright cylindrical tank filled with 
bcechwood shavings, or similar materials. This tank is fitted 
with devices for nllomng the alcoholic solution to trickle slowly 
do^sm through the shavings on which the acetic acid bacteria are 
living The tank is not allowed to fill, for that would keep out 
oxygen. About the bottom of the generator arc holes for allow- 
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mg air to be drawn in; the air rises through the generator and is 
used by the acetic acid bacteria for oxidizing the alcohol. In 



Fig. 115. Cro^s section of Vinegar Generator. {After Btoldli) 

V, M&B8 of beech chips over which the aJcoholic mstenat tneUestrom the small holes to the 
false head Hi, it becomes acetified, B, tilting trough for ao intermittent supply of solution o 
be acetified, a, course of air, tr, course of alcoholic solution, I, thermometer 


many respects the generator is like a furnace Both are con- 
trivances m which active combustion takes place. Coal is adaed 
to the furnace to be chemically oxidized. Alcohol is added to 
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the vinegar generator to be oxidized by bacterial enzymes. Both 
yield large amounts of heat. In the furnace that heat is desired; 
in the vinegar generator too much heat must be avoided, and 
careful watching is necessary to prevent the temperature from 
rising too high and destroying the bacteria. 

Orleans Method The Orleans method is a modification of 
the domestic method and need scarcely be mentioned as special 
It is a continuous method, new unfermented substrate being added 
as vinegar is drawn off. 

Pasteur Method This was introduced to obviate some of the 
objections of the domestic and Orleans methods The “mother 
of vinegar” is allowed to form on a wooden float. When new 
substrate is added, the mother is thus not broken up, and the 
fermentation is not upset 

Lactic Acid Fermentation. Lactic acid is the major acid in 
sour milk Its original source was fermented whey. Commer- 
cial lactic acid is produced m the United States exclusively by 
the fermentation of glucose, molasses, and whey.* Although 
a large group of lactic acid bacteria is known (the Lactobacilli 
and Streptococci) , Lactobactllu$ dclbntcktt is probably used most 
frequently. The fermentation is conducted at 50®C , jvhich aids 
in eliminating contamination 

Glucose or acid-hydroiyzed starch media, containing a mini- 
mum amount of nitrogenous nutrients, is sterilized and inoculated 
with a pure culture of Lactobacillus delbriickit. Sterile calcium 
hydroxide or carbonate is added to neutralize the acid as it is 
formed and to maintain the optimum pH for fermentation, near 
neutrality. If the acid is not neutralized, the bacteria would not 
be able to tolerate the high acidity developed, and the fermenta- 
tion would be incomplete The calcium lactate formed is insolu- 
ble and is readily separated from the medium Lactic acid is 
recovered by addition of sulfunc acid and removal of the calcium 
sulfate precipitated. 

mold fermentations 

Citric Acid Fermentation. Citric acid was formerly produced 
from citrus fruits and pineapples. Large amounts of natural 
citric acid were imported by the United States, principally from 

*G T Peckham, The Commercial Manufacture of Lactic Acid, Chem 
Eng Nctw,22 aOJl),4t(Kl 
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Sicily, Italy, and other Mediterranean countries. The United 
States is now self-sufficient in production of this important acid as 
a result of the successful development of the fermentation process. 

Though many molds produce significant amounts of citric acid, 
Aspergillus niger is probably the most commonly used. Molasses 
or technical glucose in 12 to 15 per cent concentrations is used 
for the commercial process. Certain inorganic salts such as 
ammonium nitrate, potassium dIhydrogen phosphate, and mag- 
nesium sulfate serve as other nutrients. The medium is adjusted 
to a pH of l.C to 2.2, sterilized, placed in large shallow pans, and 
inoculated with a spore suspension of Aspergillus niger. A plenti- 
ful supply of sterile air must be supplied over the pans. The 
mold grows as a hea\’y surface mat. At the conclusion of the 
fermentation, the liquor is withdrawn and the mycelium pressed 
to remove any acid contained in it. Calcium citrate is precipi- 
tated, and citric acid is recovered by treatment with sulfuric acid, 
which removes the calcium as calcium sulfate. 

PeniciUio. Antibiotics, substances elaborated by certain 
microorganisms, arc capable of inhibiting the growth of other 
microorganisms. They arc produced by many molds and bac- 
teria; little IS known about the vast majority of antibiotics dis- 
covered to date. The most strikingof the antibiotics is penicillin, 
a compound elaborated by molds of the PenicxUium notatum-^ 
chrysogenum group.* Penicillin-like antibiotics are apparently 
produced by many other molds. The action of penicillin was first 
obseiwed by Fleming, professor of bacteriology at St. l\Iary's Hos- 
pital, London, in 1929. A Petri-dish culture of StaphylococeMs 
aureus became contaminated by a colony of Pemcillium notatum; 
around the mold colony was a clear zone showing that the mold 
was producing a substance capable of inhibiting the bacteria. 
Further work was done by the famous biochemist Raistrick. It 
was not until the beginning of World War 11 that workers at 
Oxford University, Florey, Abraham, Chain, and Heatly, wwe 
able to prepare sufficient penicillin for clinical observati^s. n 
1941 these Korkers enlist«J the aid of the United States Govern 
ment and various pharmaceutical houses interested in pemci m, 
and an extensive research program was initiated. This cu mi 
nated in a tremendous production program. 

2R. D. CoghiU, SeicBce's CSnderella, Chem. Eng- 
5S8-93. 
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Penicillin was first produced by a surface-culture fermentation 
in which the mold developed as a surface mat on a liquid medium. 
Thousands of small bottles were used as the first fermenters. 
Later a submerged-culture process was developed which allowed 
a great increase in production and at the same time lowered costs. 
A remarkable aspect of the whole problem is that penicillin occurs 
in the fermented mash in very small quantities, in the order of 
magnitude of 0 06 milligram of pure penicillin per milliliter, or 
approximately 100 units per milliliter. The Food and Drug 
Administration has established the standard of 1666 units per 
milligram of penicillin G 

For clinical use the sodium salt of penicillin is used. For- 
tunately it is nontoxic in the highest dosages needed for effective 
use. It is used in the treatment of bacteremias, osteomyelitis, 
pneumonia, gas gangrene, gonorrhea, and syphilis. It is effective 
in many infections not easily treated by the powerful sulfa drugs. 
Penicillin is an unstable compound, rapidly destroyed by ensymes 
and acid conditions Consequently it is most efficiently adminis- 
tered by injection rather than orally Oils are not metabolized 
until they reach the intestine; by incorporating penicillin in such 
protective vehicles, only small amounts are destroyed during 
progress through the stomach, where normally the acid conditions 
and enzymes rapidly destroy the drug In the intestines the oils 
are hydrolyzed, and the penicillin is liberated and is readily 
absorbed into the blood stream. Such administration requires 
larger amounts of the drug to compensate for small losses 
encountered in the stomach. 

mSCELLANEOVS FERMENTATIONS 
In this group of fermentations arc certain useful applications 
of microorganisms which arc difficult to classify with the previ- 
ously described groups. It might be well to recall at this point 
that many phases of sewage-treatment processes arc in reality a 
type of industrial fermentation, even though they are not pure 
culture fermentations. 

Enzyme Preparation from Microorganisms.* Many processes 
used in our civilization depend on enzyme action of microorgan- 
isms. In former times these reactions were used unwittingly by 
SLeo TVallerstcin, Enzyme preparatjons from microorganUnw, tnd Eng 
Chem.Sl (1930), 1215-21. 
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custom and trial-and-error metiiods. As usefulness of micro- 
organisms became more fully realized, an important industry has 
developed for producing the useful enzymes from microorganisms 
for specific applications. 

Bacterial amylases and proteases have a variety of uses. Most 
commercial bacterial enzyme preparations are produced from 
organisms of the Bacillus sublUis type. The organism is culti- 
vated in shallow pans on a suitable medium under conditions of 
controlled aeration so that the bacteria develop as a thin film 
over the surface of the medium. When maximum enzyme activ- 
ity has developed tlic bacterial cells arc removed by centrifuga- 
tion. The medium containing the many enzymes is concentrated 
and preserved with suitable antiseptics. Further purification 
may be practiced, depending on the ultimate use of the enzyme 
preparation. 

A variety of amylolytic and proteolytic enzyme concentrates 
arc prepared from the mold Aspergillus ory:ae and arc sold 
under various trade names. TIic process is simple. A scmisolid 
medium such as sterile wheat bran is inoculated with a pure 
culture of the mold- Growth takes place in a rotating drum 
supplied with adequate sterile air. The bran is later extracted 
with water to prepare the crude enzyme concentrate. This is 
quite similar to the process for preparation of "mold bran” used 
as a saccharifying agent in the grain alcohol industry. 

The yeast Saccharo^nyces ccrcvisiae, under proper conditions of 
hydrogen-ion concentration, aeration, and medium, will produce 
significant amounts of the important enzyme, mvertase. This 
enzyme is widely used in the candy industry to hydrolyze sucrose 
to invert sugar for use in soft creams. Invert sugar unlike sucrose 
docs not crystallize readily. Invertase is an endoenzjTnc, 
is liberated from the yeast by autolysis under toluene. le 
enzyme is purified by precipitation with alcohol, dissolve in 
glycerol, or other protective liquids, and is finally standar ize 
Dry invertase preparations are also produced for laboratory uses 

Silage Fermentation. Certain plants which have higi na ct 
content and yet sufficient food materials to make them ^ 

for farm animals may be prcsciv’ed by storage under ^ 
which prevent putrefaction but permit a desirable ferraen a 
This fermentation not only preserves them but 
improvement in flavor. Such materials as chopped ha>, 
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stalks, and beet leaves arc packed into a silo in whicli the bacteria 
contained in the raw materials carry on an anaerobic fermenta- 
tion. A variety of bacteria, yeasts, and molds occur on the surface 
of the plants and in the juices expressed from them The small 
amount of oxygen contained is soon used up by the’ respiratory 
enzymes of the plants to be fermented and by the aerobic micro- 
organisms The anaerobic types then develop and produce an 
acid fermentation, principally lactic acid along with lesser 
amounts of acetic and proprionic acids and a little alcohol. The 
lactobacilli predominate 

Silage spoilage is principally due to aerobic microorganisms, 
which can grow only on the upper surfaces, or in the lower regions 
when air leaks occur owing to faulty construction of the silo. 

Some plants do not contain sufficient fermentable carbohydrate 
to give an adequate lactic acid content for presen'ation Mo- 
lasses IS mixed thoroughly with the chopped leguminous plants to 
provide the necessary fermentable sugars 

TEXTILE FIBERS 

For ages man has used certain structures in plants for clothing, 
rope, and the making of materials on which to w ntc 

Linen. Ltnum usitatissimum has been cultivated for thousands 
of years as a tcxtile-fibcr-producing plant. Tlie Egyptians must 
have raised it, since tlieir mummies arc found today wrapped m 
fine linen Frequent allusions to flax and linen m the Bible indi- 
cate that the ancients were acquainted with the usefulness of the 
bast fibers in flax and had methods of separating them from the 
rest of the plant. They were also familiar with other types of 
fibers, since they are found in tbeir papyri today The United 
States cannot be regarded as a great flax- or linen-producing 
country; it has had to depend mainly on importation to supply 
the increasing demands for linen. Russia was once the largest 
flax-fiber-producing country, contributing 80 per cent of the flax 
fiber used in making linen Since World ar I, however, this 
has changed, on account of the industrial disorganization in that 
country. 

Flax IS raised in the United States mostly for seed which is 
pressed for linseed oil, a snuillcr amount is raised for the fiber 
Flax raised for seed is of a different quality from that usually 
required for fiber Fiber flax is taller and produces les' seed. 
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It requires greater care in cuIUvation and especially careful 
handling at the harvest. Some claim that it must be pulled, not 
cut, and tied carefully in bundles. This may be one reason why 
it has been difficult to utilize the flax from seed flax for spinning. 
It might be possible in the future to combine profitably the seed 
and fiber crop. This might tend to reduce the value of each crop 
taken by itself, but the value of the combined crops of seed and 
fiber might compensate for any decrease in the value of the single 
crop. 

The bast fibers, used in making linen, are cemented to the 
other parts of the stalk and to each other by means of materials, 
for convenience, called pectins. Undoubtedly this term is used 
only in a general way to cover several compounds closely related 
chemically. The aim of the retting process is to remove these 
“binders” without harming the cellulose fiber. The fermentation 
must be checked when these fibers have been freed by the 


hydrolysis of pectins. These binding materials which hold the 
stalk together arc carbohydrate in nature and thus susceptible to 
the action of microorganisms. 

The fibers arc prepared from the flax straw by a special process 
which seems to have been built up after a long period of time 
without much assistance from the sciences. Proper harvesting 
is very important. Fiber flax should be pulled either by hand or 
by machinery and tied into bundles which are shocked for curing. 
Cutting the flax is claimed by some to leave the ends of the stalk 
exposed for undesirable decompositions. When the heads are 
shocked for curing, this cut end becomes susceptible to the attacks 
of undesirable bacteria. The fibers become badly stained also. 
This may not be entirely true, however, in actual practice. 

After curing, the stalks are “retted.” This is really a rotting 
process, which indicates the origin of our present term. 
general methods may be used to dissolve the binder which ho 
the cellulose fibers to the w'oody materials; Dew retting, wa er 
retting, and chemical retting. The first two only are o 


bacteriological intercat. r • j ct 

Dew retting was used by our forefathers in the United a 
for preparing flax fiber for spinning and represents t e ear i 
method. No special apparatus is needed, since the flax s 
merely spread on the ground in the fall and allone o 
throughout the winter. Dew retting has been used or pr® 
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tion of most Russian flax fiber. The greatest objection to it is 
the time required, but this may be reduced greatly by conducting 
the process under conditions where the retting organisms may 
be made to work harder. 

Water retting was introduced undoubtedly to get away from 
certain of the distinct disadvantages of dew retting. It is carried 
out either in slowly flowing rivers or in ponds and other enclosed 
bodies of water. The bundles of flax straw are packed into these 
basins and weighted down. The retting process starts with a 
gaseous fermentation of the carbohydrate materials in the flax 
straw. If conditions are favorable, a little over ten days arc 
necessary for the completion of the fermentation. The flax 
should be removed when all the pcctic materials are dissolved, 
or overretting will result. The bundles are removed and dried 
in sun and air and are then ready for scutching The river Lys 
in Belgium is famous for its flax retting. River retting has 
certain economic features which limit its wide application. As 
Kuhnert* has shown, the stream becomes putrcscible, which is 
detrimental to fish life. It carries amounts of organic materials 
in the reduced conditions and may give off objectionable odors. 
Water retting has not had wide application in the United States. 

Several attempts have been made to improve the water retting 
One of the earliest of these was proposed by Sehenck in 3846. 
The flax straw was packed lightly into a tank and the water kept 
at a temperature of 75® to 95®F. This warm environment was 
more favorable to the development of the bacteria concerned in 
this process, and a vigorous fermentation quickly established 
itself. The vats had all the characteristics of a fermentation 
mixture. Others have proposed similar methods with a higher 
temperature. 

Scutching is the process by which the woody material is broken 
away from the cellulose fibers after they have been retted and 
dried. Different methods have been used, all of which depend on 
breaking the woody particles and mechanically removing them 
from the stalk. The fibers arc finally combed to separate the 
"two” from the fibers which are not long enough to remain in 
line. The latter may be used in paper, coarse linen, and similar 
products. The fiber from flax may be 30 to 40 inches in length, 
thus yielding a product which is valuable for spinning. 

^Kuhnert, Landtc. ^Vochbl;Sehleiwi(f-lIo]stc\Ti,’l(i (1020), 5’SO-43 
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Different bacteria have been found which will rot flax. Thc«e 
microorganisms were investigated as early as 1879 when van 
Tieghem reported that an anaerobic bacterium named Clostridium 
amylobacter quickly decomposed the pcctic substances in the flax 
stnik. Since that early report many other species have been 
found to bo useful in this respect. 

Hemp. Procedures in tlic preparation of the textile fibers from 
hemp arc not unlike (hose already described for linen. When the 
plants have matured, they are pulled and ticil into bundles. Ret- 
ting is similar to the dew retting of flav for (he separation of the 
bast fibers. Tiie use of the fibers in hemp for making textile and 
rope goes back to ancient times. Frequent references were made 
to it by ancient writers. 

Deterioration of Textile Fibers by Bacteria. Since textile 
fibers arc frequently cellulose in nature, and since there arc 
numerous bacteria which are able to decompose eeJlulose, it is 
n(>t unc.vpcctcd to learn that fabrics may be weakened and 
destroyed by (he action of microorganisms. Moist warm condi- 
tions have been found to favor the action of fungi Tihich are 
significant in thi.« respect. One author has stated th.at the fungi 
first appear on the outside of the individual fibers and later send 
tiicir mycclia through the canafs of the cotton fibers. MUden- 
was found to be nearly proportional to the amount of food 
materials pro.«ent in the faWes Growth of mildew was reduced 
by removal of such food materials. Attempts have been made 
to incorporate a disinfectant in the sizing. Such common bac- 
teria ns Bacillus subtilts and Bacillus uicsentencus Jiave been 
found to have no significance in the decomposition of textile fibers 
in fabrics. 


BEVERAGES 

Tea. In the preparation of black tea a fermentation takes 
place which is mainly cmymatic. Bacteria are not desire , an 
consequently every attempt is made to keep them out. e 
presence of bacteria means that products of their metabolism may 
destroy the color. , .. 

Coffee. The coffee bean contains much foreign matter besjaes 
the portion which is desired for the making of coffee. To 
the extraneous matter, the ircsb bean is subjected to ^ 
tion to loosen the material about the portion to be save . 
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Cocoa. For preparation of cocoa, the seeds of the cocoa fruit 
are roasted and ground About these seeds or beans is a great 
amount of pulp and other matter which is removed most easily 
by fermentation This fermentation is induced by piling the 
seeds on the floor where they heat and an active fermentation 
takes place. This fermentation also improves the flavor of the 
product. After the fermentation the beans arc dried. 

BREAD 

The bread or panary fermentation is one of the earliest of 
winch we have written records It has been earned out in 
practically all countries. In general there are two kinds of bread, 
leavened bread and unleavened bread Unleavened bread is 
made by fixing flour in water and then baking the resulting mix- 
ture. This gave, in olden times, a product not unlike the modern 
cracker except that coarser meals were often used Later instead 
of the dough being baked immediately after mi\mg, it was 
allowed to stand in a warm place until fermentation had taken 
place and the dough was full of gas. This gave leavened bread, 
the type now used m most countries. 

Learening Agents. Two kinds arc a% ailablc, chemical leaven- 
ing agents and biologic.al leavening agents. Both cause the 
formation of gas in the dough or sponge. This gas makes a 
lighter and more delectable bread. 

Chemical Leavemng Agents The clicmical leavening agents 
arc those W’hich cause gas formation when they are mixed into the 
dough and baked These mixtures are generally called baking 
pow’clers. One kind is made by mixing cream of tartar (potas- 
sium acid tartrate) with baking soda (sodium bicarbonate) and 
certain other substances added to prevent caking Sour milk 
and baking soda al«o cause the formation of gas 

Vults and Vanderbilt in their "Food Products” enumcr.atccl the 
following advantages and disadvantages of chemical leavening 
agents: 

AdV \NTACE3 

1 The tune IS shortened In n few minutes a liRht spoofw doiieh can ho 
prepared which uould require liours by the ii'C of jeast fermentation 

2 No la'M of carbohjdrate !•* in\oI'ed 

2. It is po..»'ihIc to cafeufate <f»c amount of pw which «i)J he prodaeed if 
the composition of the cliemical agent a known 
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Disadvantages 

1. The taste is not so good as that in products raised with yeast. 

2. The product is not so readily digested. 

3. The residue resulting from the chemical reaction remains in the loaf. 

As these residues have no nutritive value, they can only be 
regarded as waste products. The validity of these disadvantages 
may be questioned. 

Biological Leavening Agents. Biological leavening agents are 
microorganisms of different kinds. Yeast is probably the best 
known, although the bacteria have been found, in some cases, to 
function in a very desirable manner. In the use of yeast as a 
leavening agent, carbon dioxide is the desired product of fer* 
mentation, and not the alcohol as is the case in the fermentation 
for beverages. Pressed yeast is available in even the smallest 
hamlets in America. 'UTien the pressed yeast is not available, 
dried yeast can usually be secured. In former times when dis- 
tribution sj'steras /or pressed yeast were not so ivelJ developed 
as they are today, our ^refathers had to make their onm yeast. 

The following advantages and disadvantages of biological 
leaven were enumerated by Vults and Vanderbilt: 

Advantages 

1. Carbon dioxide is generated by the action of the 3 ’east enryme 
carbohj’drate of the meal or hour, and no foreign substance has to be addw- 

2. The slow liberation of gas causes it to have its full effect as a leavening 
agent 

3 The by-products produced during the fermentation give a pieasan 
taste. 

4. Bread made with yeast is more digestible. 


Disadvantages 

1. The time required for leavening is long. . . 

2. Careful watching and study of those conditions neces^ °J 

growth of j’Cast are necessarj'; else the fermentation wiil go amiso, an 
bread may result. . ^ ^ r,rhna 

3 A loss of carbohydrates takes place in the formation o 

4. As yeast is a living organism, it is impossible to calculate the amoim 
of carbon dioxide which should be produced. 

When yeast is used as the leavening agent, it A- 

carbohydrates contained in the dough. Sugar ° 

the sponge, or it may be formed in the sponge by 
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the flour enzymes. This explains how fermentation is accom- 
plished in a sponge to which sugar is not added Yeast itself 
does not contain amylase with which to decompose the starch to 
fermentable sugars. After yeast has been added, the temperature 
is kept around 30®C. The little work that has been done on the 
effects of Various yeasts indicated that the strain of yeast used 
does not influence the flavor of the bread 
Bacteria may also function as leavening agents. Good bread 
may be made with Eschenchta coli as the fermenting agent. 
Koser found that Clostndium welchii was being used in a com- 
mercial starter for sclf-raising broad This organism is an 
anaerobe and forms large amounts of carbon dioxide. 

Bread is susceptible to several typos of bad fermentations. 
One of the best known is slimy or ropy bread caused by presence 
of aerobic spore-forming bacteria of the Bacillus subUlis-mesen- 
tericua group. These organisms form spores which are so resistant 
to heat that they pass through the baking process and grow m 
the bread during storage These organisms ore capsulatcd and 
stick together, giving the slimy appearance Moldy bread is also 
quite common since bakeries may become contaramated with 
mold spores. Some molds grow- on the surface of the loaf, giving 
it a chalky appearance Sour bread is caused by the over- 
growth of the yeast by undesirable bacteria Red or bloody 
bread has been mentioned before os due to growth of bacteria 
which form red pigments, it is an uncommon abnormality m the 
United States. 

BY-PRODUCTS FROM INDUSTRIAL FERMENTATIONS 
Recovery of by-products, during recent years, has become an 
important function of the industrial fermentation industry. 
During alcoholic fermentation large quantities of carbon dioxide 
are evolved; almost equal weights of alcohol and carbon dioxide 
are formed Fermentations ore conducted in closed fermenters 
in such a manner that the carbon dioxide can be recovered and 
compressed. Recovered carbon diovidc has many uses, such as 
in the carbonization of beverages, manufacture of drj’ ice, and 
use in fire-fighting equipment. Both hydrogen and carbon 
dioxide are evolved from the butanol-acetone fermentation; 
methanol has been manufactured by passing the gases over a 
suitable catalyst, such as heated carbon. 
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Ulicre cercaJ grains supply the carbohydrate substrate for 
alcohol and butanol-ncctone fermentations, tlicrc remains in the 
residue after distillation all the protein contained in tlic grain. 
The suspended matter is scri?cncd and dried. This is knon-n as 
“distillers’ grains.” The soluble matter is evaporated to a sirup, 
then dried, and is known «s ‘‘distillers’ solubles.” In some plants 
the grains and solubles arc drierl together to give a product knonn 
as “distillers’ dark grains” or “grains with solubles.” These prod* 
ucts arc valuable ndjiinels to cattle and poultry rations because 
of their inf'll protein and vitninin-B-complc-v content. Yeast 
is capable of limited vitamin synthesis wliich thereby improves 
tile vitamin content of the solubles.® Under certain conditions 
Ciosfrtdium ncctohuti/licur/i can synlhcsirc considerable qoanti' 
tics of riboflavin, and tlio dried solubles from the butanol-acetone 
fermentations contain larger amounts of this vitamin, ^^'hey and 
akim milk arc fermented with this organism to prepare riboflavin 
concentrate.?. 

Fusel oils, principally a mlvturc of amyl and isoamyl alcohols, 
represent another by-product of value. It may constitute 0.1 to 
0.7 per cent of the crude distillate from alcohol fermentations. 
TJic:fc okolioh arise through action of the yeast on amino acids; 
isoleueinc is converted to amyl alcohol, and leucine to isoamyl 
alcohol. Fusel oils are used principally os lacquer solvents with- 
out c.vtonsivc rc/inmg. 

Yeast has become well recognized as a good source of protein 
and the vitamin B complex. Yeast must be separated from the 
wort during brewing operations. After debittering by 
wasliings, tlio yeast is dried and sold to pharmaceutical and fow 
manufacturers for use ns an enriching medium. A modern yeas - 
recovery method has been described * 


8J C B.iiicmfoind, J C Garcy, W Baumgarten, L. Stone, and C S 

BonilT, NutrJCDt Content of Alcohol Fermentation By-Producta from 


Ind. Fng. Chem.. 36 (lOli), 7$^. . ^ 

oj. V MocDonough and T. C. Ilaffcmrcffcr. Some 
paring brewers’ yean for food, imcrs(em CommumcaliO>7S, 7 uaw. • 
L V Burton, Vitamin-K«ch Food Made from Sy-product least, 
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CHAPTER 23 
FOOD PRESERVATION 

Man was forced to resort to food preser\'ation when his life 
became so complex that he had to do other things than hunt and 
fish. He had to save the abundance of the hunt ond han-est 
during certain seasons for times when he could get little food. 
Food preservation has become a great industry in all nations 
When properly prepared, prescn'cd foods will keep for Jong 
periods. Microorganisms arc the great trouble makers in food 
presen'ation, and all of the various methods are aimed at destroy- 
ing them or inhibiting them. It is not necessary that microorgan- 
isms be entirely eliminated. The general flora must be greatly 
reduced and certain microorganisms which are especially signifi- 
cant in spoilage must bo eliminated or thoroughly controlled. 

Relation of Microorganisms to Food Spoilage. Bacteria, 
yeasts, and molds are the great despoUers of foods. Which group 
becomes important depends on the constitution of the food, its 
reaction, and especially its water content. Acid foods arc 
especially subject to spoilage by molds, saccharine foods by yeasts, 
whereas the bacteria include species which can spoil almost any 
typo. Before spoilage can occur, foods must have about 12 per 
cent of water. An acid reaction will prevent development of most 
ordinary bacteria, but special types may be indifferent and cause 
spoilage. The yeasts clcvclop readily in foods with high sugar 
content and cause fermentations. Molds also grow well in sugary 
foods and better when they are quite acid. 

Spoiled foods should not be eaten. Although they might no 
bo dangerous to healthy spoih^ in some cases might have een 
caused by bacteria which also form poisonous substances. >-ome 
of them, such as Clostridium botulinum, produce as po^veru a 
poison as is known. This fatter organism is also very resis an 
to heat. , , j 

Asepsis. This is not strictly speaking a method o 
preservation, but it may greatly affect various procedures n 
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may be used later. It has to do with preparation of foods and 
conditions of cleanliness under which they are handled. Modern 
hygiene and decency demand standards of cleanlmess which our 
forefathers would have regarded as unnecessary. Aseptic prepa- 
ration of foods is just as important for foods which are to be 
preserved by one of the methods 
mentioned here as for foods which arc 
to be eaten fresh.* The cleaner the 
food and the freer from bacterial life, 
the lighter will be the load on the 
preservation method Wc have already 
mentioned sanitary inspection in its 
relation to the production of clean 
milk and water. Similar inspections 
are made of the preparation and 
handling of most foods 

A fine example of the effort to 
maintain asepsis m preparation and 
preservation of foods is inspection of 
meat by the Federal Government 
This effort is visualized by the little 
purple stamp on meat which has been 
prepared under such inspection This 
stamp indicates that the animal from 
which the meat was prepared was examined before slaughter and 
that the meat was carefully inspected before approval If the 
inspectors, who are well-framed men, find an animal that looks 
suspicious, it is marked with a fag which may read “U S. Con- 
demned” or "U. S. Suspect ” Condemned animals must not be 
taken into the slaughter room; suspected animals are slaughtered 
separately, and the meat is carefully examined before it is 
allowed to be prepared for sale It should be stressed that not all 
meat is inspected. The Federal Government has jurisdiction in 
interstate matters onlj' Consequently only meat which is 
intended for interstate commerce can be inspected by Federal 
inspectors It is unfortunate that all meat cannot be subjected 
to inspection. The opinion that home-killed meat docs not need 
to be inspected may have arisen from malicious adverfi'ing of 

*The term “fresh” i« often u«cd in contr*di.«tinPtion to the term “pre- 
served " Foods which are not “preserved” need not nrccs«ari!y br frr«h 



Fio. 116. Tho Little Purple 
Stamp Used for hfarJcmg 
Carcasses and Products 
Passed by the Federal hfcat 
In«pectors (After MoMer, 
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The three nr>bere occupy the epeee 
«here the number of the eatablith- 
meet oeeur* 
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those u’ho find it more profitable to buy animals locally for 
slaughter. Lack of space prevents a recital of the details of this 
attempt to conserve public health. The student will find them 



Fio 117 Fedemt Inspectors Making tke Final E-Tamination of » 
Carcass. (.After MeMer, 19S6) 


given in a very interesting manner by Mohler in the publicaf 

listed at the end of this chapter. „ Jnnted to prevent 

Food and Drug Acts. These have ^[eon- 

adulteration and misbranding and to assure fair “ ® l,„t 

sumer not only wishes to be given the “> 

also expects it to be free from any agent which is deleter 
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health. The Federal Food. Drag, and Cosmetic Act of 1938 
attempts to secure these conditions for cotibumers in the United 
States The t^\Q important parts m the act which do this are 
those concerned with adidfemfion and misbrandino 

Adulteration includes all attempts, to defraud, such as substi- 
tuting one article for another, artificially coloring to conce.al 
inferiority, adding any substance ivhicli may be deleterious to 
health, or selling foods in which there is decomposed animal or 
vegetable substance WtsbrandingF relates to statements on the 
package which must be strictly in accordance with the facts. 
The Meat Inspection Act of 190G does for meat and meat products 
■what the Food, Drug, and Cosmetic Act does for foods and drugs. 

DRYING 

Drying is one of the oldest methods of food preservation It 
Yraa first used alone, and such foods as meats, fruits and vegc- 
tablea were preserved in this mannci Meats were often smoked 
ia addition, to increase their keeping qualities. Later aiilk 
and eggs were added to the hat Great amount? of dried ground 
beef were shipped overseas during World War II Although 
microorganisms seem to be able to get along wjtliout any water 
for a long time, they eventually succumb In general the moisture 
content of foods must be kept below about 10 per cent to prevent 
development of microorganisms. 

During difficult times such as military and economic emer- 
gencies. dehydration has been used for preserving great surplu'^cs 
of food. Many dehydrators for use both at home and in factories 
have been developed. Information concerning the former may 
be secured from Agricultural Extension Scnuccs. 

With the outbreak of the sceond WorUl War the food-dehy- 
dration industry expanded many-fold. Large quantities of 
dehydrated meat,^ vegetables, and fruits were sent ovcrtcas. 
Dehydration resulted in great savings in shipping space and 
Weight when great amounts of food, war supplies, and troops had 
to be tiansportcd With boned and trimmed fresh meat, dchy- 

2 Meat Dehydration, V S Dept. Apr Circ, 70C, W’sshinpton, D C, 
August 1911 

W. Cruets and G Mactmopy, The Dehydration of Vegetables, Coh- 
fomia Affr Exp. Sto BuJJ &S0. 1943 
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dratjon saves 60 to 70 per cetit in weight and 65 to 73 per eenf 
in volume. It has been found that, when good fresh meat is 
dehydrated to a moisture content of 10 per cent or less and 
packed in sealed metal cans, it is a safe food from the bacterial 
standpoint. 


tow TEMPERATURE 

Low temperatures have a marked inhibiting effect on micro- 
organisms. Storage life of foods is greatly increased as tem- 
perature is lowered. Above freezing, microorganisms are not 
killed to any extent, but below freezing many are. Low- 
temperature storage is frequently used for preserving some foods 
before other methods are applied. 

Freezing. This, of course, is the extreme application of cold. 
The water in frozen foods is crystallized and not available for the 
bacteria. In this sense preservation by freezing is preservation 
by drying. No water is available for bacteria so long as foods 
arc frozen. Meat may be prcscn'cd for a long time in the frozen 
condition. Fish and poulto’ kept in this manner. In recent 
years, methods have been developed in the United States for 
•preservation of foods by freezing. A wide variety is preserved 
in this manner. The older methods permitted only slow freezing, 
whereas the newer methods permit rapid freezing. The newer 
methods are more satisfactory because they cause much less 
change in the conditions of the foods. It is thought that ice 
crystals are smaller and the physical constitution of the food is 
therefore, not altered to so great a degree. 

Frozen foods are not sterilized foods. They are still perish^ 
unless they are kept frozen until prepared for the table. This 
introduces the possible hazard that undesirable bacteria may c 
present and grow if the foods are not properly handled. Frozen 
foods differ from canned foods in this respect. 

Questions have been raised with respect to palatabihty an 
safety of foods preserved in ‘^deep-freeze” compartra^ts an 
freezing storage lockers. Properly prepared and 
foods are safe foods as long as they are kept frozen. cy in 

undergo deteriorative changes such as rancidity and oss o ' 

changes which do not affect nutritive properties ^ , 

These changes may be due to faulty packaging an s on 
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too high temperatures. For these reasons it has been recom- 
mended that fish and fatty foods such as pork be not stored too 
long. They do not become harmful but might lose some of their 
desirable characteristics. 

Cold Storage. This is probably the most important method 
by which great amounts of food are preserved Cold is the most 
satisfactory antiseptic which is used in the food-preservation 
industry. Although it may be more expensive than some of the 
other procedures, it docs have certain advantages Nothing is 
added to alter the appearance or condition of the foods Intro- 
duction of this method made many foods available w Inch formerly 
could not be kept. Cold storage has made apples available 
almost the entire year. It h-is also pre\ciited great waste by 
saving abundance of bar\’cst time for later periods when the 
supply of fresh foods is exhausted. 

Different devices and procedures ha^c been used for preserva- 
tion of foods by low temperatures, such as wet cloths, cool cellar, 
and refrigerators. The latter device is used in almost all 
American homes. The development of the electric refrigerator 
has revolutionized storage of foods m the home These devices 
allow maximum refrigeration all of the tune They give foods 
which are better preserved and freer from hazards of spoilage 
and poUoning, 

Investigators at Columbia University found that the icc-coolcd 
refrigerator might not be efficient. They suggested that each 
box be equipped with a thermometer for each shelf and that the 
upper limit of temperature be between 50° and 55°F. Such a 
procedure would allow' the housewife to follow the temperatures 
which Were being maintained in her refrigerator and to know 
when they liad risen to the danger point 

Period 0 / Preservation, How long may foods be prcseived in 
the refrigerator? A general answer cannot be given to this 
<luestion. JIany factors are involved. One case has been 
reported where a quarter of Iwcf was kept in cold storage for 
H years. AYhcn it was taken from the refrigerator and cut for 
distribution, the meat was found to be in good condition. Sue 1 
periods of holding moat arc, of course, unnecessary, but they do 
indicate the possibilities of proper methods of preservation T le 
fact that bacteria arc know'n to develop slowly at temperatures 
just above freezing indicates that there arc limitations. 
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HIGH TEMPERATURES 

Upper ranges of temperature arc much more destructive to 
bacterial life than lower ranges. To make use of high tempera- 
tures, various methods and devices arc employed. Some of them 
such as high-prcssurc steam or modifications of them have been 
described in the cliapter on the effect; of physical agents on 
bacteria. 


Boiling and Cooking. Boiling and cooking are methods of 
preparation and preservation. They arc more commonly used as 
preparatory steps but function as important sanitary measures. 
While the application of heat to food has probably, in many cases, 
prevented dissemination of disease, the limitations should be 
understood. Different definitions may be used for the terms 
cooking and boiling. Cooking might vary from slight heating 
to prolonged boiling Thorough cooking is one of the most satis- 
factory methods of rendering foods safer. Baking also has 
value in this respect Information on the subject might be more 
apparent if a few c.xpcrimcnts were quoted from the findings on 
the subject. One investigator studied the clTcci of broiling, roast- 
ing, and braising on b.actcria in and on meat. These methods 
gave unsatisfactor)* results because the heat did not penetrate. 
Another investigator confirmed these conclusions by using pieces 
of metal and tubes of chemicals tlic fusing points of which were 
know'n. These were inserted into the meat to determine the 
temperatures attained in different places. Another ivorker boiled 
a leg of veal for hours at 101*^0. and found that the tem- 
perature in the interior had reached only S9°C. A ham weighing 
10 pounds after being boiled at I02*C. showed a temperature o 
only 78'’C. at the center. Another ^od illustration of the fac 
that cooking docs not always slcrihze foods is given in 
26 where an account of a typhoid-carrier outbreak of typ oi 
fever is reported. In tliis case a viscous pasty food preparation, 
spaghetti, resisted the penetration of heat and allowed B cr e a 


typhosa to survive. ^ ^ . j 

The belief that certain hods are more nutritious ' 

in flavor by insufficient cooking also has bearing on t is 
sion. Some believe that rare beef is more desirab e 
cooked beef. It is also believed that thorough ° v 

should be avoided, else the oysters will be less diges i e. 
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latter case it is unfortunate that such ideas prevail, for oysters 
are frequently harvested from polluted sources. They should be 
veil cooked in order to make them safe at all tunes- 

Cooking IS especially significant m destruction of toxins in 
foods. Such toxins have been important in the United States 
in connection vith outbreaks of botulism caused by Clostridium 
botuhnum. This toxin, hkc the toxins of all bacteria, is destroyed 
by heat. Boiling for only a fen minutes detoxifies toxic material. 
One precaution, however, should be mentioned Foods uhich 
contain toxin of this microorganism fre<\uent!y contain large 
amount of carbon dioxide, for Clostndiuiu bofulmuni forms great 
amounts of gas. This may be boiled off at temperatures con- 
siderably holov lOO^’C Consequently, such foods will have the 
appearance of boiling quite below 100*C 

The existence of thermostable gastro-intcstinal irritants formed 
by various bacteria has been quite firmly established. These 
might not be destroyed by healing 

Pasteurizatioa. Tins is lu-ating of foods to temperatures below 
the boiling point but yet sufficiently high for destruction of many 
bacteria. The idea of partially cooking foods by this process 
seems to hai'c originated m early days of bactcnologj* when it 
was realized that bacteria might be the cause of spoilage. These 
spoilages were called "diseases” for vinegar, wine, beer, and so on 
Heating of these substances to C0®C. w.as found to destroy 
organisms which were involved in spoilage ond to make them keep 
longer. This is especially true for fruit juices such as grape 
juice and apple juice The best-knonn cn'-e of the use of 
pasteurization is in the milk industry where it is used to destroy 
among others the microorganism causing tuberculosis. It should 
be pointed out that pasteurization docs not sterilize and that 
many bacteria may be left, if it is earned out in euch a manner 
that the material is brought to 60"C and held at that temperature 
for the required period, great reduction in the numbers of bacteria 
will result. 

Canning. Sterilization of foods m sealed containers is one of 
the commonest methods of food preservation. Nicolas Appert is 
given credit for the dj.«covcry of canning as it is known today 
In 1810 he received the prize of 12,000 francs which the minister 
of the interior, Monlalivet, had offered for a method of food 
presm’ation. This prize was the rc^^U of concern which 
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Napoleon I felt over provisioning the French fleet Scurvy and 
other diseases of malnutriUon had afflicted the sailors. In 1810 
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Fro. 1 18. Showing the Manner in Which the Cover Is Applied to an Open- 
Top Type of Can 

Appert, when 60 years old, built a factorj’ of his own which 
suffered from the wars which followed. It was entirely wipe 
out later. Canning has made available to the consumer all so s 
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of foods out of season. There is scarcely a food winch cannot 
be secured today in tjn. 

The terra “canned” has se\’eral meanings. Some use it for all 
methods by which foods are packed in sealed containers, irrespec- 
tive of the type of container used Others have suggested that 
the term canned be applied only to foods packed in tin. In this 
discussion an attempt will be made to distinguisli between these 
definitions sharply 

Containers may be made of either glass or tin, tm containers 
are more commonly used under commercial conditions and 
glass containers under domestic conditions Both types may 
be sterilized in about the same manner under pressure if desired, 
although the glass container gives more breakage 

The tin can commonly used today is known as the open-top or 
sanitary can. It replaced a type of can which was known as the 
"hole and cap” can. The present tin can is made from steel 
plated with tin. The covers arc fastened to the side of the can 
by what are called "double scams.” winch arc shown in Fig 118 
Between the layers of metal is a composition gasket which makes 
the seam tight. No solder is used m closing tins can os in closing 
the hole-and-cap can. Tin cans are made from steel rolled very 
thin and covered w'lth a coating of tin Despite the general belief 
that the coating of tm is important, c.xponmcnts have indicated 
that it is relatively unimportant. Some believe that illness is 
more liable to result from eating foods from cans with too little 
tin. There is no foundation for (his belief. Some cans are 
lacquered or enameled on the inside and are spoken of as enameled 
cans. It is stated by some authors that thc^c cans are used to 
prevent corrosion or pm holing. With one or tw-o exceptions this 
IS not the reason for the use of these cans. They arc used to 
preserve the natural color of foods packed therein. Such foods 
as cherries and beets arc packed m this Ijtkj of can Some foods 
perforate lacquered cans more rapidfy than plain cans since (here 
may be spots wdicrc the lacquer has not completely co%'crcd the 
tin, and the contents of the can will then exert an intensive action 
on such places. 

Procedures in Canning. liato Materials. These should be 
the best both in quality and State of maturity. Canning factories 
should be located ns near the production fields as po^'ible This 
makes it possible to use fresh foods which have not liad nppor- 
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tunity to spoil or even become old. In fish-canning localities, 
canneries were once constructed on boats so that they could be 
moved from place to place and kept close to the source of supply. 

Preparation. Thi$ depends eiitirel>’ on the product Fruits are generally 
quite clean but are treated to rcrao\'e foreign mattei. Fruits with skins 
are washed and sometimes peeled Tomatocc from clay soils are washed 
more carefully than those from sandy soil. Some vegetables require hand 
washing 

(Srading. This is emplo 5 ’ed to give a uniform product. It is setaetimes 
greatly overdone. There are many grades of peas, cherries, and peaches. 
Grading is done mechanically. 

Blanching. This is a brief exposure to hot water or steam just before 
the food 15 placed m the can. It is used for removing sticky matter on the 
outside of vegetables or fruits as well as to reduce volume. The term might 
suggest that it is employed to whiten the food product Such is not the 
case. Blanching also inactivates corymes which sometimes give rise to 
deleterious changes in the food before sterilization. Oxygen destroys ascor* 
bic acid and vitamin A (carotene) if the enzymes are not properly inactiY- 
aled by blanching. 

Filling the Can. With such materials as corn and peas, fiDiog is 'done 
mechaairally by machinery. Other foods, however, such as pitklcs snd 
meats, may require hand filling Hand filling is cecessar)’ where food? have 
to be layered into the can After the solid portion has been placed in the 
can, syrup or brine may be added 

Exhausting. This involves healing the filled can to drive out air and 
raise the temperature as high as possible before closing. This is one of the 
most important steps in canning; some defects of canned foods may be 
traced to improper exhaust. For instance, oxygen has been found to accel- 
erate perforation. Defects arc greatly reduced, if not eatirelj’ avoided, by 


satisfactory exhaust. 

Processing. Processing involves application of heat to the container 
into which the food to be preserved has been placed and scaled Under 
Some conditions, especially those which may obtain in the home, the con- 
tainer IS only partially sealed, final sealing being done vvhen the container is 
removed from the sterilizer “Processing” should be distiogui«lwd^ totn 
“sterilization,” The terms are not synonymous Processed food is do 
necessarily sterilized food. Canned foods arc not always sterile, in ac 
two investigations made on stenhly of canned foods purcliased on 
market revealed many un^tenle cans. The viable bacteria vrhich were ou 
to be present were probably m the spore stage and dormant. T ey m g 
not be of significance unless they were spores of some of the 

forming toxins. This is not probaWe. Results of proce^ing depend Jargeiy 
on the condition of the raw materials which were canned, penetra ° , 
mto the can, and other factors. When raw m-xtenals are fresh 
they carry fewer bacteria into the can, and proecK'mS t3 mor , 
Incipient spoilage means a rich growth of bacteria whir f. ncrom- 

TVhen the number is low, sterilization is more easily an q 
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plished than when the number a great A similar situation exists in 
processing of foods 

Cooling. Cooling is applied to stop the action of the heal If the cans 
are not cooled immediately after leaving the retort, they remain hot for 
long periods, and the action of the heat may continue for gome time Cans 



Pio. 119 Showing a TypiralUctort or Cooker inUi Regulators for Conirol- 
Img the Temperature, Fixing the Time, and Cnolmg the Product Ulien the 
Process Is Completed {After Billing) 

are cooled by being drawn (hroiieh water on a belt or bv bong on a plat- 
form with a slit bottom Insofficienf cooling often re'iilts in spoilage of 
the food product later hi' thermophilir birlerii which hue sunned 
processing 
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condition thnv elir,, i^ t. ^ contain bacteria in dormant 
With <fomo /nn t j bacteria do not grow, 

bo wooX “ „ ’ “"‘'“f.'''' motions n.ay take ^ace 

packina nnd opened many years after 

is of rf-o ^ satisfactory condition. One instance 

inotiidprf ^ years. Another was a can of beef 

Franklin ' Th ^^""7 exploratory voyage of Sir John 

t • J}. Jeft England in 1845 and the whole 

nhn Arctic regions. Rescue parties located an 

which this can of beef was found. The can 
remained in Liverpool from 1888 until 1926. It was then opened 
in le presence of a bacteriologist and other food c.xperts. The 
con en s nere found to be in apparently perfect condition. Labo- 
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ratory examination revealed no living liactena, and no evidence 
of illness resulted among those who partook of the meat Other 
instances could be mentioned but these two should sufTicc. Those 
cases do not indicate that old canned foods are desirable. It 



Pifl 121. Scaling Sanitary or Ojwn^Top Cana with a Hand Scaler {AJler 
Slanltn) 


would bo a fine tbing if the date of packing were placed on all 
cans of food This would be in keeping nitli the spirit if not 
the letter of the vanous food and drug laws Furthermore, it 
should not affect the sale of canned foods 

The canning industry has reached a high state of development 
in the United States There is scarcely a food that iiiaj not he 
secured packed in tin containers. Canning has made possible the 
use of certain foods the year round as well as the use of tropical 
fruits which otherwise roiglit not be avoiloblc 
Spoilage of Canned Foods. Even though no comp eteh 
sterdired, canned foods may he held for conipara ively long limes 
under proper conditions, in general, the lower the temperature. 
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the better they wifi keep. Nonacid vegetables are especially 
prone to spoilage by thermophilic bacteria which are especially 
heat resistant because they possess higher temperature charac* 
teristics. They also form heat-resistant spores w’hich may sur- 
vive processing. If the cans are not properly stored in cool 
warehouses, these spores may germinate and finally spoil the food. 

Thermophilic bacteria are of two types as far as canned food 
spoilage is concerned, strict thermopkiles growing only at tem- 
peratures around 55®C. (131®F.), and facultative ihermophiles 
growing at this temperature and afso at room temperature or 
slightly higher, around 37®C. (98.5®F.). A pack of canned foods 
in which a few strict thermophiles have been left will not spoil 
is stored at temperatures below 55*C., but, if the food is stored in 
a hot warehouse where the temperatures approach 65®C., the 
surviving thermophiles may grow and spoil the food. Cans of 
food in which a few facultative thermophilic bacteria survive 
are greater problems to the packer. These organisms may 
develop under any conditions of storage. 

The /oflon'ing arc a few types 0 / spoilage recognhed in canned 
foods. The first two are evident in the appearance of the can. 

Flat Sour Spoilage. TIic word flat refers to the container which 
has flat or concave ends while the word sour refers to the acidic 
nature of the can contents. This spoilage usually occurs in 
nonacid vegetables and is caused by development of heat- 
resistant spore-forming anaerobic thermophilic bacteria. Canned 
foods w’hich show this spoilage arc not dangerous to health. 
They possess flavors which arc abnormal to a sound product. 

Hard Swell Spoilage. With Ibis spoilage the ends of the cans 
are forced out giving the can a bulged appearance. This is an 
obvious sign of spoilage, and the contents of such cans ehou 
not be eaten. This type of spoilage in certain vegeta w 
may be caused by both spore-forming thermophilic bacteria an 
mesophiiic bacteria. In other foods, such as milk pm 
gas-producing bacteria and yeasts may be the cause. 

Sulfide Spoilage. This occurs in certain vegetables and 1 
characterized by a blackened appearance of the food and an 0 
of hydrogen sulfide. It is caused by an anaembic . 

spore-forming bacterium, Clostridium mgrificai^y ® ^ 
packs of canned foods are infrequently attacked, this spot a 
serious for a packer when it occurs. 
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Home Canning. Domestic methods of canning are not greatly 
different from those used m the large canning factories. In the 
home, however, grading, washing, and sorting are performed 
by hand. Processing may be quite different. Three general 
methods have been developed for use m the home: the oven, 
boiling water, and the pressure cooker or steam-pressure canner. 
Before the merits of each method arc discussed, it should be stated 
that foods have been divided into two groups as far as processing 
is concerned — acid foods such as fruits, and nonacid foods such 
as vegetables and meats. Acid foods are processed more easily 
than nonacid foods because beat is more effective. Nonacid 
foods such as vegetables and meats require much more careful 
processing, for heat is known to be less effective under such 
conditions. In view of this, canned food technologists are agreed 
that nonacid foods should be processed only under steam pressure 
in properly operated pressure cookers. This opinion has been 
forced on them for two reasons — -spoilage and the hazards of food 
poisoning. Anyone who is preserving foods may decide on the 
amount of spoilage which lie is willing to accept. Food poisoning 
is another matter. Those who desire to study the problem 
involved at greater length may consult the references given at 
the bottom of this page ^ It is impossible in a book of this nature 
to review all the facts involved. 

The success of any method of processing depends on penetration 
of sufficient heat to the innermost recesses, probably the center, 
of the can to destroy bacteria Rapidity of heat penetration is 
influenced by factors such as size of container and consistency of 
food. In order to show the relative rate of penetration of heat 
into glass jars processed in the pressure cooker, in boiling water, 
and in the oven, the curves in Fig. 122 were prepared Exarmna- 


ar. W. Tanner, Bacteriological Froblema in Home-canning Prooedurw, 

J. Home Eton 26 ( 1934 ), 365-76 _ jimllh 

F. \V. Tanner, Home Canning and Public Health. Am. J. Pub. Ilcalt . 

“ Proper Froro»» /or Honre C^oc, /. Jo. D.HH. J.. 00 . 

“"“’■Sr .od G. D. Arm..™»g. C.om.S Food, /o- F.ro.ly 

V».m.ci>A^.Esp.Sl. Ore .od K.rhrr.o. 

Edward Toepfer. Howard Rejmolda Glad>^ n a 

Taube. Home Canning Processes for L^*A«d Foods. V. 

Tech. Bull. 930 (19 «C), WasbingtOD, D C. 
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tion of these curves will show that processing in the oven and in 
boiling water permit very alow penetration of heat into the 
containers. 

Oven Processing. This method has been advised especially by 
stove manufacturers. Processing nonacid foods in the oven will 
not result in a product which will keep. It is the poorest method 



Cooker Hc^d st 250® F , in a Ilot-Wster Balb Held at 212'* F., and in a Hot- 
Air Oven Held at 250® F. (After Tanjter and Armelrong, iSSS) 

To inaure isfe keeping of nonacid food, proceeaiiig temperaturee above (be botliag point of 
water <212® F.) ere deeirable. A eteam preeeure cooker i» recc.-nmended ai tbe moat aalia- 
factory way to eeeure theae temperaturee In teete with peae packed in quart glass ian a 
temperature of 249* F. waa reached id tbe center of the ^ar after 70 minutee in a iteam pree- 
eure cooker, tbe temperature of whwh wee 250® F Feaa eiailarly packed reached a temperv 
ture of only 210® F in a hot-water bath held st 212® F. end only 165® F after the aamelenrth 
of time in a hot-air oven held at 250® F. Oven caDzungu pot adviaed beeauae of tbia veryalo* 
rate of heat penetration and tbe difficulty of aeounog aafe procesaing temperaturee 


which can be advised for cooking canned foods. It is both 
wasteful and dangerous. The temperature attained in the jar 
does not rise above 212®F. since the jara are not sealed. Although 
the method may be used with acid foods, it does not destroy a 
bacteria. 

Processing in Boiling Water. This method is widely use 
today in the United States. It is unsafe for vegetable 
for it does not sterilize them. Many of the jars spoil, and t ose 
who eat vegetables preserved in this manner face^ continua 
hazard of botulism. All of the outbreaks of botulism in America 
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since 1925 have been caused by home-canned foods. This should 
convince the most skeptical that such procedures recommended 
to the home canner are quite inadequate. 

Processing in the Pressure Cooker or Steam-Pressure Canner. 
Nonacid foods should be processed under steam pressure in a 
pressure cooker. The mere use of such a contrivance is insuf- 
ficient; it must be properly constructed, equipped, and operated. 



Fio. 123 A Modem Pressure-Cooker Canner (Flc\-Seal Type) (Ccurlesy 
of VtacUr Products Co ) 

It should be provided u-itb both a thermometer and pressure gauge 
as separate instruments The timetables used for cooking the 
foods should be only tliosc which have been arrived at by 
adequate experimental work and consideration of all pertinent 
bacteriological knowledge 

Processing Times and Temperatures for Home Canning. 
These are available from many sources to those who wish to can 
foods in the home Farmers* Bidlctm 17G2 of the United States 
Department of Agriculture has enjoyed wide circulation E.vtcn- 
sion services of most agricultural experiment stations also dis- 
tribute information. Cure must be exercised w hen selecting such 
a publication to ascertain whether all problems of the home 
canner have been considcrcii Slight diflcrcnccs in recommenda- 
tions need not cause worry, because they may usually be o-vpl-ained 
bj’ differences in prcparntian of the food for c-inning Tor 
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instance, if the temperature of the foods when placed in the 
containers is near the boiling point (hot-packed), the processing 
times and temperatures may be somewhat shorter than if the 
foods are cold when placed in the containers (cold-packed). 

If the pressure cooker is being used for sterilization, allow- 
ances must be made if it is used considerably above sea level. 
Water boils at 100®C. (212®F.) at sea level, but at higher eleva- 
tions the boiling temperatures arc lower. Allowances arc made 
in most publications, and those Jiving at higher altitudes should 
heed them. Higher pressures or longer times, or both, may 
be used. 

Criteria of Satisfactory Canned Foods. Certain precautions if 
properly observed will make canned foods perfectly safe. A 
sound can of food will liave concave ends. This docs not mean 
that every can of food with bulged ends is dangerous and will 
cause illness if eaten. Such cans are abnormal and should be 
discarded. Ignorance of this or carelessness lias caused some of 
our worst outbreaks of food poisoning. Some cans of spoiled 
food may not show evidences of spoilage since bacteria concerned 
might not form gas. In many eases such cans will possess other 
evidences of decomposition such as bad odors or abnormal appear- 
ance. Such cans of food may be just as dangerous as those which 
have bulged ends. It is a significant fact that almost all the 
outbreaks of botulism liave been caused by foods which were 
recognized to be abnormal in some respect. Those who were 
concerned stated that the foods %it the tongue,” "smelled bad, 
or “had a bitter taste,” Consequently, many outbreaks of botu- 
lism have been due to carelessness of those who were affectc . 
Thorough boiling would render all canned foods safe. Thom an 
Hunter of the United States Department of Agriculture advise 
that the contents of all cans of food be boiled before use, irrespec 
tive of whether there were signs of abnormality or not, 
probably better to-make certain that the methods of 
adequate and safe than to have to resort to an expedient e o 
the food is used. The United States Department of Agricu 
has discussed this question as follows: 

It is the opinion of most bacteriologists thst we have to 

to dread food poisoning from canned food, provided 'y® V,>ned The 
look at and smell carefully every can of food when it is ^ ° equally 
canning factory maintains a rigid inspection; why not m ^ 
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good inspection service into your own home? Begin by inspecting the 
container before it is opened. If it is a glass jar look for gas bubbles and 
note whether the product seems to have changed color or become mushy 
The lid should require the application of some force to remoi e it, for the 
scaling of the jar while its contents are boiling hot results m the formation 
of a partial vacuum, and if the seam remains perfect the pressure of the 
surrounding atmosphere holds the lid down Similarly the tin can should 
be flat or slightly drawn in at the ends when cool If swelled or bulged, 
the probabilities are that the contents haie spoiled as a result of the action 
of gas-forming organisms It is a safe rule to discard, without tasting, any 
canned food which has conspicuously softened or has become mushy to an 
extent not warranted by the cooking process to which it was subjected, or 
which contains gas hubbies, or which has a peculiar or unusual smell. If 
the canned food successfully passes all of these tests but is found to possess 
an unduly sour taste, or an unumal flax or of any kind, it should at once 
be rejected; and the portion tasted sJiould also be rejected, without swal- 
lowing, to prevent any possible danger of poisoning 

It is a fortunate fact that spores are not os a rule found in tho«c disease- 
hearing bacteria which are at ail likely to occur in canned products, so far 
as we know at present. The exceptions to this statement are so rare that 
they should not properly be used as an argument against either commercial 
or home canning. One hears a great deal about BactUus bolubnus poison- 
ing from canned and bottled goods; the danger is a real one tn some 
localities; yet the actual number of outbreaks of botulism at the present 
date is exceedingly small m comparison with the number of people who 
consume canned goods Furthermore, botulinus experts among the bac- 
teriologists state that botulum from canned products can be guarded against 
by Use of four simple expedients, which are 

(1) Make it the absolutely inx'ariable rule nexer to can any vegetable or 
Iniit not in flrst-class condition, (hat is, do not can food which is slightly 
moldy or specked, oversoft, or "just ready to epoil,” or partly rotted Cut- 
ting out the Soft spots, and using the rest for canning may prox e x ery poor 
economy in the end 

(2) Give all canned food a careful and rigid inspection o£ the time the 
can or jar ia opened, and discard any malcnal haxing on unusually bad 
appearance or odor, icithout even tailing it It is a useful precaution to 
notice the odor of (he vegetable while it ts boiling, for an odor so shght as 
to be unnoted while the x-egclable mass is cold may be quite plainly per- 
ceived when it is intensified by heating 

(3) Boil the food as it comes from the can before tasting it In tb« tj-pc 
of poisoning, fortunately, most bactenoIogi.''ts beliexc that it is not necc-s- 
sary to destroy cx'ery bacterial spore, but rather the toxin or poison formed 
by the growth of the bacteria, which is a much easier matter It mu«t be 
clearly understood, howei-er, that this docs not w arrant us ib boiling spoiled 
food and then consuming it. 

(4) The final dispoution of canned foods which Laxc spoiled or arc 
suspected of spoilage is a matter of real importance Chickens and other 
am'maU may be and often have been fatally poisoned by eating sueli 
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ppoilcti material. Even worse than thU danger is the pa^ibility of fpread* 
mg liaallui botuliniu (or possibly other dangerous spores) through soil 
With such con'idcratiorw in mind it would seem that spoiled canned foods 
should be treated os \\c should treat any sort of infectious material, such 
as dt-clnrgc.s from n l>phoid or tubercular patient, or the carcaas of an 
animal whjch ha? died of anthrax; thit w to say, they should be burned, or, 
jf that IS impTactJOable, they should be boiled for an hour with some efficient 
disinfectant in order to be sure that all dangerous spores are dcstroyed- 
flurying (hem deeply’ in sod with « generous covering of quick lime will 
prc' eni the poi-oning of domestic aniinals and may hax c some influence in 
prerenting infection of the soil with a highly dangerous organism. 

Spoilage of canned foods is due to various reasons. \Vc need be 
interested licrc only in h.actcrioJogic.al spoilage. Canned foods 
spoil because bacteria grow in the cans. Tliesc bacteria maj’ 
imve survived the ])roces.<, or they ina}' have gained entrance to 
the can througii faulty closure. Inadequate processing may be 
due to choice of times and temperatures which arc too low. This 
results in slow and inadequate heat penetration, TJie problem is 
a little intricate to be discussed completely in a book of this 
nature. 

Different terras are used for describing several types of spoilage. 
Swells are cans in u hieh generation of gas has taken place to such 
an extent tliat the ends arc bulged. Gas may be due to bacterial 
activity or to ehoinical reaction between (he contents of the can 
and the inctal. The gas of the chemical reaction is usually 
hydrogen A fiat sour is a can in which the contents have soured 
because of the activity of so-called "flat sour organisms.’* There 
are usually no external evidences of spoilage. The ends of such 
cans are flat, but the contents possess a sour taste owing to acid 
from bacterial growth. Other terms have been introduced to 
describe ino<nficntions of tlicsc conditions. 

Canning Powders. These have been advertised os aids in the 
canning of foods in the Iiomc. The Bureau of Chem^try studie 
one such powder and found it to be composed of 5 per cent of ta e 
salt and 95 per cent of boric acid. Tliis powder had little m u 
ence on keeping qualifies of canned foods; on excess ° 
powder, it was said, might be harmful and lead to the ° 

other steps known to be necessary in the packing of good oo a. 
Such powders are unnecessary' in canning.* H the raw ma eria s 

are of good quality and properly washed and prepared for icc > 

* Thom and Edmonson, U. S. Dept. Apr Ctre, 237. 
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and if they are properly processed and cooled in accordance with 
well-established practices, there should be no difSculty in obtain- 
ing cans of food that will keep and be satisfactory in every 
respect. Boric acid is a chemical which is prohibited by the Gov- 
ernment as a food preservative. It is prohibited in England also. 

Preservation of Food by the Addition of Chemicals. Some 
chemicals are harmful to bacteria; this prompted their introduc- 
tion to foods as preservation agents. They are known as 
“chemical preservatives." The great difficulty, however, is to 
secure a compound which is harmful to bacteria cells and not 
harmful to persons who partake of the foods. This difficulty 
IS illustrated by the fact that many compounds have been tried 
for a while only to be prohibited Inter. Some of these compounds 
arc sulfur dioxide, saheylis acid, and boric acid. The Food, 
Drug, and Cosmetic Act of 1938 states that any food which 
contains “added poisonous or other deleterious ingredient which 
may render such article injurious to health” is adulterated. The 
interpretation of this part of the law has caused considerable 
controversy, and, soon after the first food and drug act was 
passed, experiments had to be carried out to test the poisonous 
properties of several chemical compounds. 

Sodium Benzoate. Much controversy and investigation have 
centered about the use of this compound in food preservation. 
Dr. Wiley, when chief of the United States Bureau of Chemistry 
and later, argued that tliis compound was a poison and should be 
prohibited, if the foods were in a good condition v,hen prcseiwed, 
such a preservative ^ould not be necessary. Because of great 
difference of opinion, President Theodore Roosevelt appointed a 
referee board to carry on expcrimenls testing the poisonous 
properties of sodium benzoate. Folin, to whom this book is 
indebted for some of the material presented here, gives the con- 
elusions to the first report of the referee board as follows: 

1 Sodium bcDZoatc in email (under (i\'c tenths of a gram per dap) 
miTcd with tlic food is without deleterious or poisonous action and is not 
io]urioas to health. 

2. Sodium benzoate in larifc dc»ea (up to four granw per day) mixed 
with the food ha-s not been found to exert any deleterious effect on the 
general health, not to act as a poifon in the general acceptation of the term. 
In come directions there were aiight modiCcalioos in certain ph>'«ioloBicaI 
processes, the exact Eicnificanrc of which modificationa is not known 

3 The admixture of sodium bentoate with food in small or large dot'rs 
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has not been /ound to affect uiuriousiy or impair the quality or nutritive 
v’alue of such food. 


Dr. Wiley and his colleagues disagreed with these conclusions. 
They stated that addition of sodium benzoate was highly objec- 
tionable, since it disturbed metabolic functions and caused injury 
to health. It is difficult to reconcile the conclusions reached by 
the referee board with those reached by Dr. Wiley. A German 
investigation to the poisonous properties of sodium benzoate as 
a food preservative found that sodium benzoate, administered 
in sufficiently large arnounts, caused illness in dogs. It required 
four tenths of a gram of benzoic acid per pound of dog to cause 
symptoms of illness. Folm stated that among all preservatives 
of recent origin there is not one more likely to prove practically 
harmless to human beings than benzoic acid or benzoates. He 
called attention to the fact that certain food materials, cran- 
berries for instance, contain benzoic acid or substances ■which 
give rise to it in the human body. 

Benzoates at best are feeble preservatives. Sodium benzoate 
is a permitted preservative in America. Studies with pure cul- 
tures of microorganisms, yeasts, and bacteria, in fresh apple juice, 
and the like, showed practically no preservative action 

Soric Acid. As stated before in the chapter on the action of 
chemical agents on bacteria, boric acid is a very feeble antiseptic. 
Boric acid and its compounds are not permitted in America as 
food preservatives on account of poisonous properties. In the 
wTitings on food poisoning, frequent references are made to out- 
breaks of illness which have been traced to boric acid in foods. 
All nations have barred it from the list of permitted food pre* 
servatives. In Great Britain boric acid was not put on the 
prohibited list until after a thorough investigation. 

Salt and PieWing. Common table salt, sodium chloride, as 
been extensively used as a food preservative. 


Common salt is the name given to the native and 
sodium chloride. Although this substance is widely distnbuted m 
occurring m deposits and also in sea water, it appears to hap 
unattainable to primitive man in mao^* parts of the i\or{ J|t ja 
Odyssey speaks of inlanders who do not know the sea ° jyjccJ 

Ihejr food. In some parte of America and India, salt was hre 
by Europeans; and there are still parts of Central Africa .w 
a lujrury confined to the rich. 
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Since salt appears to have become a necessity very early in the life of 
nations, it has played an important part in commerce and religion Some 
ancient tnbes regarded a salt spnng as a gift of the gods The Germans 
once waged war for saline streams and believed that the presence of salt 
in the soil invested a district with a peculiar sanctity and made it a place 
where prayers were most readily heard The gods were worshipped as givers 
of kindly fruit, and salt and bread was a common phrase all over the world, 
being habitually associated with offerings Homer calls salt divine and 
Plato names it a substance dear to the gods. Covenants were frequently 
made with salt as a necessary element; its preservative qualities made it a 
fitting symbol of enduring compact and fidelity Every meal which 
included salt bad a sacred character and created a bond of piety and friend- 
ship between the guests. Hence, the expression, “there is salt between us,” 
and the phrases, "to eat the salt of the palace,” and “untrue to salt ” Early 
in the history of the Roman army — and in later times — salt was rationed to 
the soldiers. 

The beginning of commerce was perhaps a traffic in salt One of the 
oldest roads in Italy was built pnmanly to carry salt into the interior of the 
country. In Phoenician commerce, salt and salt fish always formed an 
important item. The economic importance of salt was further indicated by 
tbo salt taxes This often resulted in the salt reaching the consumer lo a 
very impure state; hence the expression in Matthew, “the salt which has 
lost its savour ’’ Thu may be regarded as a very early attempt at food 
adulteration. Cakes of salt have been used as money in certain parts of 
the world. Even down to the present lime salt has been used as a medium 
of exchange among various tribes The Roman soldier was given a 
“Salanum,” which was a money allowance to purchase salt. Thu is prob- 
ably the basu of our modem term "salary.” 

Sauerkraut. This food is prepared by fermenting cabbage' 
tissue under conditions which allow' the formation of organic 
acids; these acids prevent putrefaction in the same manner as 
they do in other cases already mentioned. In this respect, sauer- 
kraut has much in common with cucumber pickles and silage. 
In the preparation of sauerkraut, cabbage is shredded and then 
tightly packed into barrels or tanks with alternate layers of salt. 
From 3 to 5 pounds of salt per 100 pounds of cabbage arc used. 
The salt draws water from the cabbage tissue to make brine. In 
this brine lactic acid bacteria grow and ferment the sugars which 
have diffused from the cabbage. The acids formed arc probably 
lactic and acetic mainly. One difficulty in making sauerkraut is 
the presence of objectionable microorganisms, such as Oidium 
lactis, which cat the acid and make it possible for putrefactive 

5J. L. Etehella and I D. Josca, Prcscnation of Vrgctabica by Salting 
and Bnning, U. S Dcpl Agr, Famera' Dull. 1932, 1913. 
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bacteria to develop. Abnormal Jcnncolalioiis arc not uncom- 
mon and give kraut a bad flavor. Purc-culture inoculation 
\yith desirable bacteria has helped to raise the quality of sauer- 
kraut. 

Cucumber Picklea. AiiDihct vegetable preserwd by salting is 
(bo cucumber. Special species are grown for tlic manufacture of 
pickles. When hnn-csteil, (bey are taken to sailing sfafions 
where they ate dumped into large tanks of salt and water brine. 
This brine, to start with, is of about SO per cent concentrafipa. 
In such a concentration the cucumbers tloat and have to be "keyed 
down” by a slat cover being put 
over them so that all are kept 
under the brine. If any remain 
out of tJic brine or partly out of 
it, they undergo spoilage and have 
to be discarded. The strong brine 
draws sugar out of the cucumber, 
which slowly changes into n piddB. 
The difference between a cucumber 
and a pickle is easily discernible 
by comparison. During the first 
few days the tank appears to boih 
so active is the fermentation. After 
this fermentation, the action sieves 
and (he acids formed during the 
fermentation function as agents of 
presentation. 

The cucumber undergoes dis- 
tinctly visible changes during 
the fermentation process. These 
cbaivgGs have assumed some importance to the pickle maker who 
uses them as criteria for judging the progress of the curing process- 
These changes may be summariaed as follows*. 



Fio. 124, Sbowng the Method 
of PaeWng VcgclAbles into tVie 
Keg for Fermenting or Salting. 
(After Round ond Lang) 


1. Change in color from bright green to a duller olive green, 

2. Change in the cross section of flie cucumber which is first a 


white to a more waxy and partially tranj^arent color or . 

3 Change in specific gravity; cucumbers firet float and have to 
down to keep them under the surface. Later they become heavier 
brine and remain submerged. 

Chaneo in the colot from a bright green to a duller green is 
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probably due to action of acid on the chlorophyll. This can be 
shown by soaking cucumbers in acetic or lactic acid. In a short 
time they assume the appearance of a cured pickle. Controls 
require the usual longer time if they are allowed to cure by 
fermentation. 

The second change is largely due to replacement of air in the 
cucumber by other liquids. Fresh cucumbers always contain 
much air, -ahich can be easily demonstrated by putting them 
under a high vacuum. The air imparts to the cucumber a snow- 
white opaque appearance which changes to a waxy partially 
transparent appearance after curing. 

The change in the specific gravity depends on diffusion of salt 
into the cucumber and also on progress of the fermentation. 
During the first few days of fermentation an active osmosis takes 
place by which the character of the cucumber is markedly altered 
After cucumbers have been properly fermented, they may be kept 
for a long time. 

Curing of Meats. Meats have been preserved for a long time 
by means of curing solutions containing salt, sodium nitrate, 
sodium nitrite, and sugar. Salt exerte a repressing action on 
bacteria best explained, perhaps, by plasmolysis. It is the most 
active ingredient in the curing solution for inhibition of bacteria. 
The sodium nitrate ingredient is reduced to sodium nitrite by 
bacteria; the nitrite reacts with certain constituents of the meat 
to give it a red color. 

Spices. Although these condiments are added mainly to 
improve the flavor of food, some of them have distinct antiseptic 
value. Cinnamon and cloves arc germicidal, pepper and ginger 
have been found to be practically devoid of action on bacteria 
The keeping qualities of foods arc greatly enhanced by the pres- 
ence of spices which are primarily added for flavor. This is 
probably true for ketchup, minccraeat, and such foods. 

Smoking. Preservation of meats by smoking is really a 
method involving the use of chemicals In this case the chemicals 
are sublimes on the meat from smoke, whereas in the other pro- 
cedures they are added directly. Compounds which preserve 
meats in smoking arc creosotes and formaldehyde, made by 
causing vood and other materials to smolder in a confined space. 

In addition to their preservative effect, these compounds also 
alter the flavor. 



FOOD PBESERVATION 


4(1 

Chemicals Formed in Fermentation. In this jiaragraph some 
of the information scattered through several preceding para- 
graphs above is summarized. In fermentation, the chemicals 
used as preservatives arc made by the baeteria themselves. 
Desirable bacteria linvc to be favored in some way and the 
extraneous forms eliminated. Vegetables arc preserved by salt- 
ing to accomplish these resuits. Salt represses those bacteria 
(vhich cannot tolerate it but allon-s the lactic acid formers to 
develop. Bacteria which can tolerate fairly high concentrations 
of salt arc called halopliilic bacteria. 
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CHAPTER 24 

FOOD INFECTIOK AND FOOD POISORIRG 


Illness in man caused by various agents in food has been 
known from cariy times. Some 0 / the provisions in the l\los&ic 
Code as given in Deuteronomy and Leviticus were aimed at 
prevention of such illness. Among the many agents which cause 
it are microorganisms and their products. Before a food is 
incriminated in illness, careful inA’cstigations must be made by 
those who know what sort of evidence is nccessaiy. Too many 
diagnoses arc made without it. 


Care of Food Products. Illness following ingestion of foods 
means that something wrong has happened; it was of inferior 
quality at the source, has been mishandled during processing, or 
has been stored and mistreated after preparation. Processing 
and preservation are well controlled by Federal and state laws, 
eo that most foods arc sound at the source. They ore preser^’ed 
well; else they would not keep, and the manufacturer would Jose 
money. In spite of the core which is used in preserving foods, 
many arc spoiled by carelessness of those wJio prepare them for 
the table. They arc contaminated and improperly handled with- 
out refrigeration. Unfortunately the manufacturer is often 
blamed for spoilage and illness when he should not be. 

Food products must be kept clean which means not only 
absence of visible dirt but also absence of bacteria which coul 
be kept out fay proper care. Persona! cleanliness among those 
who handle food is paramount. A careless cook who is dirty can 
negate all tlie good done by a careful manufacturer who has use 
expensive technical help or a health department which has passe 


adequate laws. 

Types of Illness Caused by Bacteria in Foods. litaess 
human beings may be caused by bacteria in foods in two 
The bacteria themselves may cause infections, 
products which are poisonous. The former are ca e , 

borne infections” and the latter "food-borne intoxica 1 
Salmonella bacteria may cause both types of illness 
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Food-Borne Infections. These are true infections caused by 
entrance and growth of a parasite ra a host. In this case the 
parasite, a bacterium, protozoan, and so on, enters the alimentary 
tract in food. It then reaches the blood stream which carries it 
fo other places in the body. Typical food-borne infections are 
typhoid fever, dysentery, scarlet fever, streptococcus sore throat, 
and amebiasis The outstanding characteristic of these infec- 
tions is that a “period of incubation” occurs during which bacteria 
are gaining a foothold in the body When this is established, 
symptoms appear. Measures may then be instituted to deter- 
mine what food caused the infection, how it become contaminated, 
and what measures should be instituted to prevent recurrence of 
the epidemic. 

Food-Borne Intoxications An intoxication is a poisoned state 
of the blood. In this case, the poison enters the body m food. 
The symptoms of illness may appear m an incredible short time, 
from a few minutes to a few hours This U a sharp distinction 
between a food-borne infection and intoxication Food-borne 
Intoxications arc botulism, Staphylococcus food poisoning, and 
Salmonella food poisoning 

FOOp-BOSNE INFECTIONS 

These are caused by bacteria themselves and some time is 
required for symptoms *o develop The bacteria may enter the 
foods in different ways In sonic diseases as in scarlet fei'vr and 
streptococcus sore throat the foods may be contaminated at the 
source, in those cases by the eow. In typhoid fever Eberthella 
typhosa may enter tlic food from contaminated utensil^, or water, 
or from individuals who handle the food. They may or may not 
know that they are earners 

Contaminatioa of Foods by Carriers. A carrier is an individua) 
who harbors and excretes discasc-producmg bacteria but wbo 
shows no symptoms of illness Since earners are discussed m a 
subsequent chapter, only one or two carricr-food-borne outbreaks 
of typhoid fever need be mentioned. 

The first one was mvcstig.'ited by Sawyer of the California 
State Board of Health. 

Tht (ood found lo hive hreo iBfcetcd fay * t>'phoid camor who had 
no knowledge of c\ er haling ifac di*ea#e A etwdy of thp nrtrjfK'f in irhich 
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the infcctioa reached the food fastened suipicioo oa a dish of Spanish 
spaghetti This dish, nliicli contained a thickening sauce composed chkSy 
at mtlk, was prepared by the carrier in her home on the day before the 
dinner. The baking of the dish was done at the dining hall during the 
morning before the meal. As there was ample time for jt to become 
infected with EbcrthcUa typhcaa organisms during its preparation, it was 
only flcccssarj' to prove that the dish was a fav'orable medium for the 
growth of the typhoid bacillus and th.-it the final b.iking of the dish had 
been insufficient to Btcnlitc it, in order to prove definitely that the spaghetti 
had been tlie source of infection. To determine these two points laboratory 
experiments were conducted which produecil valuable data regarding the 
(emperaturca reached in baking as carried out by the ordinary household 
methods. 


A dish of spaghetti was prepared in the laboratoiy under conditions 
simulating ns nearly as passible those under which the original dt'h had 
been prcp.ircd and inoculated with a broth culture of the typhoid bacillus 
of the strain obtained from the carrier. This material in a pan 5 inches 
deep and 9 tet 13 inches in dkameter, was baked in a hot men of an 
ordinary gas range for 15 mmutes. At the end of this time the temperature 
in the middle of the sp.ighctti li.id risen from 16* to 17*C. and, after the 
spaghetti had been in the room for one-half houf it rose to Sl*C.,as the heat 
penetrated to the inner portion. CuHurcu made from the contcals of the 
dish at Various depths, after this baking, all dc\ eloped colonies of 
Ebcrthclla lyphosa. 

The spaglictti was next introduced into a hot-.iir ptcnlircr, which had 
been heated to between ICO* and 170*, and was subjected to this tempera- 
ture for 30 minutes. At the end of that time the appearance of the dish 
suggested thorough cooking but the temperature at the top was found to 
be 51*C., and at the middle only 23'C. Cultures made from the contents 
of the di«h, at vnrioiw dcptlis, after this baking showed the presence o 
EbcTthcUa lyphosa. . , 

The dish of spaghetti was finally introduced into an oven maintained 
at 207" to 2U*C. and eubjccted to this temperature for one-half hour. 
Examination of the du-h at the end of this period showed the temperatwe 
just beneath the surface of the spaghetti to be 83"C , at the middle -S > 
and at the bottom ^S"C After it had stood m the room for one hour, 
the temperatures were 4G®C. near the top, 42A*C. at the middle, 
near tlie bottom Culturc-i taken from the middle o5 the ms * 
abundance of Ebcnhella typhosa. Thtse itsults showed concluaiveiy m 
the baking, which the food had rcccu'cd after being infec e , w 


sufficient to produce sterilization. , 

Portion-j of the sauce were stenlrtcd, inoculated ■with the . 
of the Ehcrthclla typhosa, and allowed to incubate. A stu > o , 
of development of the bacteria showed the sauce to be ^ ® 
medium for the EbcHhella although somewhat infcn 


sKim miiiv. , . , „n 

In the opinion of the author the results of this m'es icS i 
that "cooked dishes must be considered as po^ible convey o 


demonstrate 
of infeetioa 



FOOD-BORNE INFECTIONS 


449 


unless it can be shown that the method of cooking would produce complete 
sterilization " The slowness with which heat penetrates dishes like the 
Spanish spaghetti shows that \ery prolonged heating nould be necessary 
for sterilization of large dishes of such food 

Another interesting example of a carrier who repeatedly 
infected foods is so-called “Typhoid Mary.” She was a cook who 
refused to co-operate with health authorities; she finally had to 
be taken into custody to prevent her from continuing her occupa- 
tion as a cook. In 1906 Dr. Soper was called to a summer home 
on Long Island, New York, to investigate the cause of typhoid 
fever which had appeared. Six indi\ndual3 in a household of 11 
were afflicted with the disease Endence pointed to the cook 
as cause, but no information could be secured from her when she 
was found. Dr. Soper was able to show that she had caused 
seven outbreaks in eight families m winch she had worked as a 
cook. In some of them typhoid fever appeared with marked regu- 
larity after Mary Mallon took up her duties as cook Repeated 
attempts w’cre made, without success, to collect specimens of 
urine, feces, and blood for examination. Finally she was forcibly 
removed to a detention hospital of the New York City Health 
Department where she was detained virtually as a prisoner for 
three years. The action of the health department was sustained 
by the courts when attempts w'crc made to release her Later, 
she was voluntarily released on her promise to refrain from 
cooking She finally broke her parole and disappeared. For 
nearly five years she was lost but appeared again under very 
dramatic circumstances An outbreak of typhoid fever appeared 
in a hospital in New York City It was finally traced to the 
cook who proved to be Typhoid Mary She was again taken into 
custody by the New York City Health Department and died 
later. The total known cases were 51 in 10 outbreaks Only 
one’s imagination can estimate the number of unknown cases 
which she caused. 

More space need not be gi\cn to carriers, although interesting 
examples could be mentioned almost without end. The Mallon 
case has lessons for anyone. It shows, first of all, that our foods 
may easily become contaminated with c.vcremcnt. Sanitarians 
state that, for a person to have typhoid fever, he must swallow 
some of the excrement from a person ill with the disease Another 
lesson is that cooks should be selected witli great care. Tlicir 
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past history shouJd be known, at Jcast as far as their disease 
record is concerned. 

FOOD-BORNE INTOXICATION 

These are typical poisonings caused by toxins or other agents 
secreted into the food by bacteria which are growing in it. The 
symptoms appear quickly. Poisons in foods may result from 
growth of bacteria or be of other kinds naturally present. The 
following are a few. 

Mushroom Poisoning. This is one of the earliest types of food 
poisoning to be reported in the w'ritings of the ancients. Deaths 
of many famous people were attributed to these poisonous fungi. 
Mushroom or toadstool poisoning may be ver>’ serious; the 
symptoms arc, in general, great drowsiness, stupor, pain, and 
nausea. 

White Snakeroot Poisoning. This poisoning, responsible for 
the death of many people, is also known os “milk sickness” or rich- 
weed poisoning. White snakeroot is also poisonous for animals. 
When the plant is eaten by cow^, the poison may appear in the 
milk and cause serious illness among those who drink the milk. 
The poison is not destroyed by heat, because plants which have 
been cooked in the autoclave have caused poisoning Pasteuriza- 
tion of milk would not, therefore, prevent it. The poison 
involved has been studied by Couch of the United States Depart- 
ment of Agriculture. He separated three poisonous fractions. 
Milk sickness was attributed to one of them, apparently a 
secondary alcohol, to which the name tremetol was given. 

Mussel Poisoning, hlussels have caused some serious out- 
breaks of illness. The real cause of the poisoning does not 
seem to be known. An extensive outbreak at Wilhelrashaven, 
Germany, in 1885, caused investigations by many chemists an 
biologists. More recent outbreaks have been reported in t e 
United States which, although not involving a great many cases, 
have been serious. 

Fish Poisoning. Some fish are naturally poisonous, eve 
though they are carefully handled and refrigerated after ca c un • 
Most in this category are tropical 6sh caught in warm na ers. 

Botulism. This is by far the best illustration of foo poison 
that can be offered. It is a true toxemia resulting from eating 
food in which Clostridium hotulinum has grown an o 
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poison. Botulism has received much study in America since 1915 
because of numerous striking outbreaks that have occurred. It 
has enjoyed an interest, however, far out of proportion to its 
significance as a cause of death. The striking symptoms and high 
fatality gave it an importance beyond Us due. 

The symptoms of botulism may best be enumerated by quoting 
the description of a case from the literature by Dickson in 1918. 

Outbreak 12 (one case). On Friday, February 22, 19JS, Mre. H of 
Oakdale, Calif , tasted a small portion of a bean pod from a jar of home- 
canned string beans which she had just opened The beans had a peculiar 
irritating taste but she swallowed a small amount When she placed the 
beana on the stove to cook, there was an extremely disagreeable odor and 
she discarded them 

On Saturday momiog. February 23, Mrs H was dirz>' when she first 
got out of bed, and she staggered when she walked She noted that vision 
in the loft eye was blurred By afternoon vision was blurred in both eyes, 
and the staggering was much worse The patient became alarmed and 
consulted Dr J D Thompson of Oakdale, to whom the writer is indebted 
for the following report 

When first seen by Dr Tbompsoo, Mrs H was slmost hysterical but 
bad no complaint other than that which has bees detailed She said that 
there had been no pain and no gaslroinlcstinal disturbance, and that she 
bad not even been nauseated 

Examination showed complete dilatation of both pupils, which reacted 
Very sluggishly to light, and a pulse rate of about 100 per minute The 
temperature was normal The patient was very weak, and muscular move- 
ments were not co-ordinated, but nothing else abnormal was found Dr 
Thompson stated that ho was strongly suspicious of belladonna poisoning, 
as at that time the patient denied ha' mg eaten any spoiled food. 

After midnight, Saturday, Mrs H complained that her tongue was 
swollen, and she began to base difficulty in talking On Sunday morning 
there was bilateral ptosis, and later in the forenoon she began to have 
difficulty m swallowing Speech rapidly became unintelhgble About 
noon on Sunday she began to lomit, and the lomiting continued for the 
greater part of the afternoon There were three formed stools during 
Sunday forenoon and several loioluntary liquid stooU during the afternoon 
All stools were extremely offrnsjie There were no bowel movements 
during the last 36 hours of life Toward c'cning on Sunday the patient 
began to have spells of strangling when she attempted to swallow, and she 
complained bitterly of the accumulation of mucus m the pharynx, which 
eho was unable to rai.«e Urination was not disturbed except that the 
patient voided involuntarily during strangling spclU 

The temperafuro >a«cd from normal to 102 6 (rectal) ja«t before death, 
respiration remained about 21, and the puke varied from OS to 120 per 
minute. 

The patient was very restless and did not sleep during Sunday night 



452 


FOOD INFECTION AND FOOD POISONING 


or Monday. There ms no disturbance of mentality, and the skeletal 
reflexes were intact. There wa-s no disturbance of sensation except a sense 
of Dumbc^ io the hands. She became rapidly weaker, and the pulse 
increased in rapidity. At first there was satisfactory response to etiraula- 
tioD, but later there was no appreciable effect. The patient died early 
Tuesday morning about 8S hours after tiisting the beans. 

To remove the mucus from the phaiynx. Dr. Thompson made use of the 
aspiration bottle to which a soft rubber catheter was attached. He stated 
that this appeared to give much greater relief and to causa much less 
irritation than swabbing. 

The beans which caused the poisoning were grown in Oakdale and were 
picked but a few hours before they were canned. They were washed, strung, 
broken into small pieces, and boiled in an open kettle for 2D minntcs. They 
were then packed into new freshly boiled one-pint economy jars; one table- 
spoonful of salt was added to each Jar, and the jars were cox'ered, immersed 
into boiling water, and boiled actively for 3 hours Twelve jars of beans 
were canned, and two of them spoiled. The contents of nine of the others 
were eaten after they had been cooked, and appeared to be good, but there » 
no record as to whether any one bad eaten or lasted any of the beans before 
they were cooked. One jar was taken to the laboratory for bacterjologic 
examination, but no evidence of B. bolutinua was found 

A portion of the beans from the contaminated jar was gathered from the 
garden where they had been thrown and had lain in the rain for severs! 
days. Baeteriologic examination showed no evidence of S. botulinus. 


Practically all of the botulism in the United States today is 
caused by improperly processed homo-canned foods. Canned 
foods processed under commercial condjtions in the United States 
have not caused botulism since 1925. One outbreak was caused 
by mushroom paste which is more of a specialty than a re^iar 
canned food. Home canners are still ill advised by many authori- 
ties who fail to consider recent bacteriological knowledge on 
canning technology. This subject has been reviewed m Chapter 
23 on food preservation. 

Clostridium Botulinum. This anaerobic bacterium, responsi- 
ble for many outbreaks of botulism, was discovered by 
Ermengem during investigations of an outbreak of food poisoning 
caused by a ham. Since the intoxication had been caused 
by sausages in Europe, van Ermengem used the Latin nor 
sausage in naming the disease. It is known today 1 a ® . 
other foods, particularly home-canned vegetables not pr P 
processed, may cause it . , t.--;, 

The microorganism possesses three major charactens i 
give it importance in food pdisomng. 

1. It forms a powerful poison which is active ia very small amouQ 
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2. It forms very resistant spores which survive processing of canned foods 

3 It IS a strict anaerobe, thm finding the conditions in a can of food 
suited to its deiclopment 

If one could create an organism for food poisoning, he could 
hardly select characteristics which would be more significant 
than these which have just been named. 

The toxin formed by Clostndium botulinum is one of the most 
active poisons known A small amount will cause death. Some 
fatal cases have been reported where a little liquor left on the 
tongue from tasting a portion of a bean pod caused death with 
typical symptoms Experiments have shown that this toxin is 
quite susceptible to beat and is destroyed by boiling for a few 
minutes This, then, is a simple method for preventing botulism. 
Tlic best method is to use canning procedures which destroy the 
spores, thereby making it unnecessary to heat all canned foods. 

The effect of heating foods in prevention of botulism is well 
indicated by the follow mg report from the Weekly Bulletin of tffe 
California State Board of Health for March, 1923: 

A woman residing m Glendale, Los Angeles County, opened t jar of 
homc'pjckcd string beans a few da>s ago Sbe tasted the beans and after* 
wards cooked them for ten minutes, serving them to the other members 
of her family con«i^(ing of her husband and six children Three da>s later 
this woman developed marked eymptoms of botulism—gencral weakne.v, 
disturbed vu-ion, and throat paralysis After sufTcring acutely for nearly a 
week, tlie patient died in great agony None of the other members of the 
family suffered any lU effects from eating the beans, the cooking of which 
undoubtedly destroyed the toxin so that the other members of the family 
were not affected Some of the uncooked beans apparently were thrown 
out to the chickens, for, about eight hours after the garbage had been thrown 
out to the chickens, all of them showed symptoms of hmbemeck and died 

The family was warned immediately not to eat any more of the home- 
canned product that remained unopened, and samples of beans from the 
same pack ha> c been sent to the Stale Hygienic Laborator}’ for examination. 

The spores arc exceptionally resistant to heat, perhaps more 
resistant than spores of any other microorganisms. This allows 
the organism to survive some processes given canned foods. Esty 
and Meyer reported the folloxrmg data on the heat resistance in 
a phosphate solution of a pH of 7: 

4 minutes at 120*C (2IS'F) 

10 minuica at 1I5*C (239*F.) 

32 minutes at 110*C <230*F ) 

100 minutes at 105‘C (221’F ) 

330 minutes at 100*C (313*F.) 
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It is a very significant fact that, in most of the important out- 
breaks of food poisoning caused by the toxin of Clostridium 
bolulinum, the foods have been admitted (o be abnormal in some 
way. If the consumers had followed the advice of food experts 
to refuse foods which were not right, poisoning would not have 
ffsuJtcd. 


Salmonella Food Poisonins. The members of the genus 
wonella have caused much trouble in food-bome infection and 
intoxications. Members of this genus occur in the intestinal 
canal of animals in various acute and inflammatory diseases. 
Although they may cause typical infections, often initiated by 
the organisms being conveyed in foods, our main interest in them 
ns food poisoners results from the fact that they produce agents 
which cause pronounced symptoms of gastroenteritis. The species 
which have been especially significant in Salmonella food poison- 
ing arc Salmonella schoftmiiWcn', Salmonefla enteritidis, ^Irnon- 
cUa acrtryckc and Salmonella suipesUfer. 

These agents to which various names Imvc been given have 
been called "heat-stable to.xins,” "gastrointestinal irritants," and 
cnterotoxins. The first name mentioned, "heat-stable to.xiDS,” 
was abandoned by discriminating bacteriologists because they 
arc quite rc>istant to heat. True bacteria! toxins are not— in 
fact, their best-known characteristic is that they are quickly 
destroyed by heat. Tlic poisonous agents formed by jSiQbaoncfifl 
arc conspicuous for their resistance to heat. They are formed 
by SolmoncHo ns il grows in food. 

Various kinds of foods have been involved in Salmonella food 
poisoning. Pastry products containing custard fillings have been 
especially troublesome. Chopped meat products such as 
pies and sausage liavc also been incriminated. Iililk pro uc 


have not been without blame. 

Salinonella species are quite widely distributed m 
Isolation has been reported from many different foods, not a o 
which have been known to possess a questionable saoitarj is o ‘ 
Salmonella species are known to cause serious in e ions 
ammals which would render them unsuitable 
such animals would not ordinarily bo prepared for u 
sumption in the United States. It « Possible, ® ^ J 

now and then disease in an aniroal imght probably 

the animal might be slaughtered for food. This would proOa 
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not occur with meat prepared for sale under the Federal meat 
inspection act. 

One aspect of Salmonella food poisoning which should not be 
overlooked is the danger which rests m the use of certain species 
of this genus in what are called “rat viruses ’’ These are prepara* 
tions for destroying rodents. The fact that rodents are suscepti- 
ble to infection with certain Salmonella species suggested that 
they miglit be used to start epidemics among them So much 
evidence has accumulated to indicate that such a practice is 
harmful to human beings that use of Salmonella species in 
“raticides” is to be condemned. 

Staphylococcus Food Poisoning. Although members of the 
genus Staphylococcus were early suggested as causes of food 
poisoning, their importance was not realised until later. It is 
probable that many Staphylococats outbreaks had been attributed 
to other bacteria during this time 

Staphylococci form poisonous agents in foods quite like those 
of Salmonella species The most significant characteristic is 
that they seem to be quite resistant to heat It is definitely 
known, however, that the organism itself is destroyed by tem- 
peratures considerably below the boiling point in a few minutes. 

Foods involved in Staphylococcus food poisoning are quite 
varied The first foods to be involved were custard-fillcd pastry 
products, eclairs, filled cakes, and custard pics The constituents 
of these proilucts, especially the cu«lard, are proper for rapid 
development of Staphylococcus aureus, which seems to be accom- 
panied with production of the toxic agent. In order to prevent 
outbreaks of food poisoning caused by 5fapft?/fococcMs aureus, 
many agencies have passctl ordinances requiring strict refrigera- 
tion of custard-filled pastries during the summer if they are 
made during that season 

FOODS UNDESIRABLE ON ACCOUNT OF 
DECOMFOSITION 

Decomposed foods have always been considered poisonous, 
and most people accept without rcser\-ation the universal con- 
demnation tliat IS given them. This attitude is often without 
foundation beyond tlio fact that they may exhibit disagreeable 
odors and disgusting appearances. This hag gi\cn basis for 
tlicorics which do not rest on well-established facts. The term 
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■'ptomaine poisoning,” for instance, is commonly used as a diag- 
nosis for symptoms of i/fncss which appear in the gastrointestinal 
tract and which cannot be nttnbuted to other causes 
The present position has been so weii stated in an editorial 
from the Journal of the American Medical Association that it is 
reproduced here. 


The term ptomaine poisoning” has become a cloak for ignorance. 
Jordan s&ys that "ptomaine poisoning is a convenient refuge for etiologic 
uncertainty.” In fact, any acute gastrointestinal attack resulting from a 
great variety of causes is iikeiy to be called ptomaine poisoning Sejmi, 
in 1873, first used the word ptomaine (from vrufia, a corpse) to include 
the poisonous products o/ putrefaction which gave the reactioa tkea looked 
on as characteristic of vegetable alkaloids. From the time of Selmi, when 
ptomaines were regarded as animal alkaloids, our conception of these sub- 
stances has changed markedly The last attempt to give precision to the 
term was by Vaughan, who defined ptomaines as intermediate clear-age 
products of protein decomposUioa. Itoseoau and his associates at IJsnurJ 
have been searching in vain for the past year and a half for ptomaines that 
might cause gastrointestinal or other symptoms. Split products of protein 
putrefaction arc readily isolated. Some of these products have pb^'siologic 
activity, but none of them thus far have been demonstrated to be poisonous 
when taken by the mouth The so-called ptomaines isolated and described 
by Selmi, Nencki, Bneger, Schmiedeberg, Faust, and Vaughan were usually 
obtained from putrid organic matter that had decomposed past the poiat 
at which It would be used as food. Furthermore, most of these substances 
were tested by injecting them subcutaneously or intravenously into animab. 
Many substances are poisonous when thus introduced parenterally, though 
they may be harmless by the mouth. Again, many of the so-caUed 
ptommaes isolated and described have since been shown to contain impun- 
tiea. Chemists are now seldom confident of the purity of protein fractions 
ev-en when obtained m crj’slalline form. The chemical search for spht- 
protein products as the cause of ptomaine poisoning has practically been 
abandoned. Most of these split products are amines, which are either no 
poisonous at all, or bo more so than their cotrespondio^ ammonia salts. e 

chemical resemblance between muscann and cbolm has directed '■b® 
toward the phosphatids, but thus far this line of research has not helpeu 
solve the puzzle of ptomaine poisoning Chemists avoid the use o ^ 
word ptomaines, for the reason that it lacks precision. Tins is a , 
instance of the popular use of the techoiea} term that so«n ’ 
mean;? httle. Only clinicians clmg to it as a convenient refuge, v 
IS a term for chemical substances of uncertain origin, unknown natur , 
doubtful existence 


Jlfany of those who read these pages will not like to b 
these statements nor give up opinions which have . 

over years of observation and contact with illnesses o 
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sorts. Even with danger of repetition and monotony, the author 
quotes below another editorial from the Journal of the American 
Medical Association, Vol. 90 (1928), p. 1573: 

A ptomaine has been defined as a basic organic compound that is formed 
by the action of bacteria on organic matter. It thus is a chemical entity 
just as the chemical bases known as alkaloids are However, the term 
ptomaine includes a wide variety of compounds some of whicJi arc Dot 
particularly to\ic and none of which are specific in the sense that toxins 
are. Hence we are reminded by Rosenau that bacteria which are in no 
sense pathogenic may be capable of producing ptomaines, while others 
which are highly pathogenic may produce few or none of these basic 
derivatives The outcome of present-day consideration is that most of the 
cases of so-called ptomaine poisomng that cannot be attributed to quite 
independent clearly defined etiologic factors arc recognized os infections 
with certain bacteria, such as those of the paratyphoid group, or os intoxica- 
tions with bacterial toxins such as those of the botulinus organism. 

As the Journal has pointed out, a clinical diagnonsu of food poisoning, 
especially when it is su«pected that the food is contaminated with certain 
bactena or their toxins, should be supported by epidemiologic, bactenologic, 
and toiucologic investigations The nondescript expression “ptomaine 
poisoning" should be entirely abandoned For the most part it is a mis- 
nomer, and, as Jordan has stated, it is u<ed to decide an etiologic uncer- 
tainty Illness due to food may arise from bacterial infcclion of the food, 
from toxins retained in it, or from a large variety of organic and inorganic 
contaminants Infected foods is far more harmful than decomposed food, 
as a rule Food is at most a vector of harm which may range from a 
microbe causing enteritis to the poison of a toxic mushroom or the 
accidental presence of a noxious element like arsenic or mercury. In any 
event there is no proper place in any of these diverse categonca for the 
expression “ptomaine poisoning” The haphazard diagnosticians will miss 
the self-aatisfying euphony of these words, and the public may regret the 
passing of the verbal symbol of the mystery of upset "inner workings” of 
mankind Nevertheless the pica for the abandonment of an admittedly 
inconclusiv c designation of disease naust wm 

The following reasons may be offered to explain why ptomaine 
poisoning IS not a satisfactory diagnosis. 

1. Foods which would caa«e it are usually in an advanced state of 
decomposition. A discriminating consumer wouM not cat foods which 
exhibited signs of spoilage. This would tend to prevent sueh illness as 
ptomaine poisoninir However, this statement only partly represents the 
truth. Some of the most typical outbreaks of botulu«m have been caa*e<l 
by foods which were recojmited as "ofT’ in characteristics by the coa'umcr* 
Pome of them were prepared by cooks for service to others, and it m possible 
that the cooks might be a little more indifferent than the consumers 
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2. Certain foods are purposely subjerted to decompositions not unLke 
those which take place in decaying foods. They are carried out to improve 
flavor of the food product. Cheese, for instance, is prepared from casein 
of different types of milk; it 13 "ripened” or allowed to undergo bacterial 
decomposition, in order to improve flavor. Limburger cheese is a tj^pical 
example of this. It possesses many characteristics of putrefaction which 
are not at all unlike those of decaying meat or other protein. Use of such 
foods as Limburger cheese complicates dia^oscs of ptomaine poisoning. 
On one hand putrid food is sliunned and considered to be poisonous; on 
the other it is selected. Wild fowl in some countries is allowed to undergo 
incipient putrefaction. This is called "npenii^” and is supposed to improve 
flavor. Such fowl are believed to be more desirable on account of improve- 
ment of flavor and tenderness. American taste does not look with favor on 
such practices, for fowls handled in this manner are not “fresh.’’ A mis- 
sionary in Alaska recounted the practice of the natives who bury fish heads 
until they have reached an advanced state of decomposition when they are 
dug up and eaten. Chinese people prepare eg^ by storing them in a mix- 
ture of lime, salt, and other substances. These eggs are eaten after a lapse 
of time extending even to several years. 

These are several examples of foods which arc made to putrefy. If 
putrefaction in foods causes illness, certainly these that have been mentioned 
should be dangerous. 

3 . Better reasons may usually be found for illnesses which are believed 
to be ptomaine poisoning. Botulism, in some cases, was called ptomaine 
poisoning Reports of large outbreaks of illness diagnosed as ptomaine 
poisoning state that investigations by medical experts found better explana- 
tions, In two cases arsenical poisoning was found to be the explanallon. 
Bacterial toxins may be present in foods and cause symptoms called 
ptomaine poisoning, 

4 . Symptoms of ptomaine poisoning are too inclusive Many of theta 
used for diagnosis of ptomaine poisoning are exhibited in other diseases. 

5 . Laboratory data on harmful effects of the so-called ptomaines have 
come mainly from injections of these bodies into animals and not from 
feeding. Before a substance formed in the decomposition of proteins can 
be considered to be significant as a cause of food poisoning, its poisono^ 
properties must be established by feeding and not by injection into e 
tissues or under the skin 

These statements about ptomaine poisoning are not supposed to 
justify the eating of old putrid food. Fresh foods produced un cr 
clean conditions should be demanded; but the foregoing 
sion should convince one that, when gastrointestinal distur 
occur, the real causes should be determined. Spoiled food shouia 


never be eaten. 1 

Storage of Food in the Opened Tin Can. That foo 
to stand in the opened tin can may be poisons is ^ ^ 
which has descended from former generations. The 1 nc.. 
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was predicted was known as ptomaine poisoning. There is just 
as much danger in eating foods •stored in a sterling silver dish, 
or m expensuc chinaware Our lorefathcrs had few other 
kitchen utensils than those made from tin Milk was often set 
away m tin pans for the cream to rise before skimming. The 
cream w’as made into butter, and the curd was often made into 
cottage cheese Tins type of container caused JittJe worry, but 
the use of a tin container m the shape of a tin can was tabooed. 
The type of container is of less importance than the methods m 
which the containers of foods, irrespective of their composition, 
are handled Bacteria which may gam entrance are the agents to 
which attention should be directed Objectionable species which 
may render the food poisonous may enter it in any type of 
container. 


FOODS CONTAINING METALLIC SALTS 

The metallic salts which may be contained in foods have been 
a favorite explanation of illness. Some of the salts of heavy 
metals arc very poisonous, but those generally found in foods 
are probably not. 

Tin. Early medical writings contain many references to 
poisonings by tin salts. Practically none of them are accepted 
today. Pharmacologists state that tin salts are not poisonous, 
and one even states that chronic tin poisoning is unknown. If 
tin salts were poisonous, there would certainly be more cases and 
plenty of opportunity to study tm poisoning in these days when 
so much canned food is used. 

Arsenic. Arsenic has caused many outbreaks of food poison- 
ing. Tlic metal may reach foods in different waj-s. Fruit trees 
arc sprayed with arscnicals to fight ra\agcs of the coddling moth. 
If they arc sprayed late in the fall, the fruit may carrj’ appre- 
ciable amounts of arsenic. Sugar has been contaminated with 
arseme during shipment. Tlic Food and Drug Administration 
of the United States Department of Agriculture watches very 
closely the content of metals m foods. 

Fluorine. This element, in the form of sodium fluoride, has 
caused some severe oulbrc.'iks of poisoning. It is not added to 
foods for any purpose but is used in attempts to control in«ccl.s 
in cstabli'bmcnts where foods arc prepared and sciwed. Conse- 
quently sodium fluoride is kept where foods arc also kept. The 
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outbreaks and cases of fluoride poisoning have resulted from 
confusion of the fluoride with foods which look like it. Some 
states have passed laws which compel manufacturers to color 
sodium fluoride so that it may be recognized. 

ALLERGIC REACTIONS— IDIOSYNCRASIES 
These arc hypersensitivities or constitutional peculiarities 
which some people exhibit to proteins. The protein may be 
injected into the tissues, or it may be ingested in foods. These 
food idiosyncrasies are often quite serious and for a time may be 
diagnosed as various ailments. The symptoms may also be \'ery 
slight and scarcely perceptible. A wide variety of foods have 
been found to cause them. These idiosyncrasies are due to 
anaphylaxis, a phenomenon based on the fact that an animal may 
be sensitized against a foreign protein in such a manner that 
he may react violently to it later. A guinea pig may be given 
an injection of diluted egg white which sensiUzes it; another 
injection after an interval of several days will cause marked 
symptoms such as paralysis, respiratory difficulties, and perhaps 
death. It is now known that human beings may be sensitized 
with proteins in the same manner. Tlds reaction is possible, after 
eating certain proteins as well as after receiving injections of 
protein preparations, such as antitoxic sera. 

Attempts are made to determine what protein is causing the 
symptoms. A series of cutaneous tests is made on the fle.xor 
surface of the forearm with a series of pure proteins. After being 
cleaned, the area to be tested is lightly cut with lines about 
inch long and inches apart. Attempts arc made not to 
draw blood. A little of the protein is rubbed into this area. A 
positive reaction is indicated by a reddened area about the site 
of inoculation. "When this procedure does not give satisfactory 
results, Rowe recommended elimination diets. In order to illus- 
trate how this test works, one case will be discuspd in some 
detail. This was a case of wheat asthma. The patient suffered 
from typical symptoms of bronchial asthma. Cutaneous tes s, 
made according to the technic just outlined indicated ^ 
protein was causing the symptoms. The patient sta a 
the first attack winch she could remember had occurred many 
years before when she inhaled some flour during ba og, sm 
that time attacks had recurred at frequent inter\a s 
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patient was informed that wheat was the cause of her trouble 
and advised to refrain from eating foods which contained wheat 
flour, or handling the flour. The results were said to have been 
magical. The symptoms disappeared almost immediately. This 
patient was “desensitized” by being given small injections of 
wheat protein and brought to a condition where she could eat 
a moderate amount of wheat bread daily. Finally, she could eat 
bread and pastries as desired The foregoing illustration con- 
cerns w’heat The same phenomena have been observed with 
eggs, strawberries, cheese, and other foods. Desensitization is 
not unlike acquiring immunity according to methods discussed 
later on. If the protein which is objectionable is in an essential 
food, the problem is more difficult, if it is in a nonessential food, 
it IS more easily dropped from the diet. Dc.^ensitization is neces- 
sary if it must be eaten or cannot be eliminated from the diet. 
To simplify detection of the protein which is causing the trouble, 
mixtures of eight or ten may be used for the first tests. These 
mixtures may be used until that one is found which gives a 
reaction; then each protein m the mixture must be tested to find 
the specific protein. 

TRICHINOSIS 

Trichinosis is caused by a small coiled worm, rnchincifa 
spiralis It IS not a bacterial disease but is mentioned here 
because it is a food problem and because it is a serious disease, 
both from tlie fact tliat it is very painful and it is widespread in 
the United States. Over 21 million Americans have been said 
to have been infested at one time or another Trichinosis is 
acquired by man by eating undercooked pork from swino which 
have been infested Hogs become infested mainly by eating 
uncooked garbage Prevention of trichinosis is not difficult, no 
uncooked pork should be eaten. Pork should bo cooked until 
It has lost its pink color and has turned gray. Tnchinella 
spiralis has been found to be killed at !37®F. 
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CHAPTER 25 

RELATION OF BACTERIA TO DISEASE 

This is bacteria’s best*knowii relationship. Many who have 
not studied bacteriology believe it to be their most important 
function. Although many species arc pathogenic to man, many 
others are useful and are put to work for him. These have been 
discussed in various places m this book. 

What Is Disease? The term disease is not an easy one to 
define. It may be one of those terms definition of ^hich should 
not bo attempted in a few words. It is profitable to analyze 
some of the difierent conceptions of it. Some consider disease to 
be parasitism, the infected organism being the host and the 
ctiologio agent the parasite Parasitism was discussed in a 
former chapter. As stated a few paragraphs later in this chapter, 
it is difficult to distinguish betneen a parasite and a saprophyte. 
An organism may exist on a host for a long time without causing 
illness and eventually cause sjTnptoms of disc.asc when conditions 
are favorable. Consequently, if disease is considered to be para- 
sitism, some distinction should be mode between an organism 
which is living on a host without causing illness and one which 
has become aggressive enough (o cause disease 

Disease may also be considered to be a conflict between two 
opposing forces This conception lias some merit. It allows 
one to correlate many general statements which have been 
advanced to explain freedom from disease. If disease is a 
conflict, the outcome will depend on the strength of the invading 
organisms and the defensive powers of the host. We have long 
been advised to keep up resistance by proper living habits, good 
food, fresh air, and so on, if wc wi«h to be free from disease. The 
sire of the dose or in this ease the number of microorganisms often 
determines whether a person will be infected or not A massive 
infection often overcomes a grade of resistance to disease which 
would ordinarily be sufficient to protect. 
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THEORIES OP DISEASE 

Since early times many different tlieories have been proposed 
to cxplnin disca'c. Some of them were quite reasonable for 
t/ieir times. Others, however, were based on neither reason nor 
experiment and tlid not consider all the knowledge which was 
available. A few of the more important theories arc reviewed 
here. 

The Pemonfe Theory of Disease, This was probably the first 
explanation of disease. It was propounded before any serious 
attempt was made to determine real causes. According to the 
demonic thcorj', disease was due to presence of evil spirits or 
demons in those wfio were afllictcd. Tlie treatment was often 


just as unreasonable as the diagnosis. It frequently consisted 
in making great noise nroun<l (lie patient so that the devils would 
depart Certain articles were worn to keep away evil spirits, 
Dcmnnnts, if not large portions of tJicso early theories, have come 
down through the ages to the present day. During epidemics of 
disease, it is not uncommon to see individuals wearing bags of 
drugs about tlieir necks. Other practices, sueii as the wearing 
of fctislios and painting themselves arc commonly practiced even 
by informed people today. Such practices, however, seem ridicu- 
lous when considered by enlightened people. 

Humoral Theory. The humoral theorj' was proposed by the 
Greeks for explaining the causes of disease. According to this 
tlicory’ four Jiumors were in the body: blood, mucous or phlegm, 
black bile, and yellow bile. In health these four Immors were 


believed to be present in equilibrium, but in disease some one 
predominated. From the information wiiicji medical men had in 
those days, tliis theory bad some merit. Accordingly, when cer- 
tain symptoms appeared whieh w'cre thought to indicate t e 
presence of too much blood, the patient was bled. Colds wou 
be explained on the basis of too much phlegm. 

Germ or Zymotic Theory. In Chapter 1 the history of 
tcriology was reviewed, and some consideration was given ^ ^ 

discussions and experimental work which led up to the germ theory 
of fermentation. After the theory had been proved, it was n 
a long step to apply the facts to disease. This rcsultc 
germ theory of disease. The analogy between 
mentation and a case of infectious disease was strikingly 


by Sedgwick as follows: 



TYPES OF DISEASE 


4Co 


A Feumentation AJf iNFECTiotis Disease 

(Apple Juice) (Smallpox) 

1. Exposure of juice to oir, dust, 1- Exposure of patient to infection, 
etc. 

2 Repose and then slow change 2. Incubation (slow and insidious 

(growth of the ferment) progress of the disease). 

3 Active fermentation of “work- 3 Actu'e disease Eruption, dis- 

ing ” E\ olution of gas bubbles, turbance of the usual functions, 

change of sugar to alcohol Rise Rise of temperature. 

of temperature 

4. Gradual cessation of fermenta- 4 Slow convalescence (or death) 
tion. 

5 No further liability to alcoholic 5 Immunity to smallpox 
fermentation 

This comparison of smallpox with a fermentation shows the 
marked similarity between the two As soon as Pasteur had 
shown that fermentation was a biological phenomenon and that 
the silkworm disease was caused by a microorganism, the germ 
theory of disease was firmly established. Other facts were soon 
gathered to support it 

Zymotoxic Theory. The germ theory did not explain all the 
facts which were soon discovered. It did not explain, for 
instance, the symptoms of illness which result from the presence 
of toxins. Consequently, the germ of zymotic theory was 
extended and became the zymotoxic theoiy Bacterial toxins 
are discussed at greater length later m this book. They furnish 
the basis for the zymotoxic theory of disease. 

TYPES OF DISEASE 

Diseases to which man is susceptible arc described in different 
ways, and different terms have been introduced for this purpose. 
An acute disease is one whieh reaches its greatest intensity 
or crisis quickly. Such diseases arc typhoid fever, diphtheria, 
tetanus, and pneumonia Conversely, a chronic disease progesses 
slowly and may extend over months and years Rheumatism is 
perhaps a good example On the other hand, a disease like 
tuberculosis may be cither chronic or acute depending on the 
conditions. Diseases arc al«o elasscfi os endemic, epidemic, and 
pandemic. A disease is endemic when it is constantly present in 
a small number of cases Diphtheria is an example. When an 
endemic disease increases or flares up, eo to speak, within a short 
time and a restricted area, it becomes epidemic. A pandemic 
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disease is a widespread epidemic. Influenza is a good example 
of a pandemic disease. During 1918, not only did it spread over 
whole nations but also the whole world was more or less infected. 

Contagious, Infectious, and Communicable Diseases. These 
are terras which have been used in the past to describe diseases 
with respect to their mode of dissemination. A contagious dis- 
ease is one which may be spread by mediate or immediate contact. 
An infectious disease is one which is caused by some living 
parasite such as a bacterium, protozoan, or fungus; it may or 
may not be contagious. These are the definitions given by one 
standard dictionary of medical terms. These terms are not so 
satisfactory as was once believed. In many cases absurd dis- 
tinctions were made. Because of this, present-day sanitarians 
have suggested substitution of the term ''communicable" for the 
older terms contagious and infectious. The former is undoubtedly 
better because it docs not bring unnecessary restrictions, but 
emphasizes only that characteristic in which the sanitarian is 
interested. 

Diseases of Known and Unknown Etiology. Not all diseases 
are caused by microorganisms. Those which are supposed to 
be are divided into two groups. One group is composed of those 
which are said to be of known etiology ; that is, the causal organism 
is known and can be isolated in pure culture. IVith these diseases 
great progress has been made in methods of treatment and cure. 
The other group is composed of diseases of unknown etiology in 
which the causal organism, or etiologjc agent, is unknown. The 
question may arise in the reader’s mind how we are certain that 
diseases of unknown etiology are caused by living agents. The 
methods of dissemination and communication in such diseases 
indicate that some living virus is involved. The etiobgic agent, 
for instance, of smallpox is unknown, but the characteristics o 
the disease suggest a living agent. _ 

Koch’s Postulates. No bacterium can be said to cause a i 
ease until certain facts have been proved. These prerequisi es 
were stated as early as 1840 by Henle. On account oft 
tainty of pure cultures, these prerequisites may not 
adequately tested by Henle. However, Koch was a e ° 
them for tuberculosis and Mycobacterium tuber^ osis, 

causes it. Since then they have been knoum as Koc spos 

canons, or laws. They may be stated as follows. 
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1. The microorganism must be present m all cases of the disease. 

2. It must be isolated from the infected animal and grown in pure culture. 

3. The original disease must be reproduced with the microorganism when 
It is injected into a susceptible animal 

4 In this case of the disease the organism must be found as in the 
original case. 

Although fulfillment of these postulates is desirable before a 
bacterium may be considered to cause a disease, difficulties occur 
with some cornmon diseases even though the etiologic agent is 
known and proved. Such a situation may exist to some e.xtent 
with typhoid fever or leprosy The microorganisms involved 
may not grow well under laboratory conditions, or it may be 
difficult to find susceptible animals. In such cases, however, 
enough circumstantial cvideoce and evidence from accidental 
injections have been accumulated to permit accurate conclusions. 

Use of Animals in Erperimental Work in Bacteriology. 
Pulfillment of Koch’s postulates and other work m bacteriology 
require use of animals. Such animals as guinea pigs, rabbits, 
rats, monkeys, and mice arc commonly used Human beings 
have been used at times, and it is not difficult to secure human 
volunteers for experiments Such was the case during the classic 
investigations by Rccd, Carroll, Agramont6, and Lazear on the 
relation of mosquitoes to dissemination of the virus causing 
yellow fever. A sufficient number of privates m the American 
army offered themselves as subjects for experimentation; they 
were bitten by mosquitoes which had bitten patients suffering 
from yellow fever. Experiments on leprosy and scarlet fever 
have also been made on human subjects. Advances in medicine 
make experiments on living organisms necessary. The propriety 
of such use of animals is bitterly attacked in several countries 
under the term vivisection Many individu.'ils prominent in other 
lines of endeavor have considered themselves competent to discuss 
animal experimentation and in many cases to strive for prevention 
of it An cnhglitcning article on vivisection is from 11. G. IVclIs. 
One paragraph might be quoted: 

Whit IS viM'Mlion? It IS a clumsy «nd mi'toiding nime for experi- 
mealstioa upon for IhemXc of the VnoTvJfiJgp lo bo jrunod Ihrrrby 

It 1# clumpy and mi.*lpading. bcnu^c it moans literally ctitlmR iip ali\r, and 
trails with it lo mo.«t uniDstrucied mind* a mcRO'Hon of highlv »rn.*itne 
creatures bound and helpIOM, being slowly anilomicetl to death Thu k 
an ide.a naturnlly repubne to gentle and Lindb cpiril*. ami it put* an 
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jmpytation of extreme cruelty upon vivisection wlucfi warps the discuasioa 
from the outset. 

It is Tveif knomi by those who are /amiiiar with methods used 
in animal experimentation that there is practically no “vivisec- 
tion” in animal experimentation in the popular sense. Anesthetics 
are used when there is any cutting. The arguments of the 
antivivisectionists are centered about cruelty and pain. They 
overlook various other practices which may be more painful to 
animals than laboratory experimentation. '\yelJs called attention 
to the lives of “fancy” dogs, invalid and grotesque deformations 
of the canine type, which must be uncomfortable beyond all com- 
parison with creatures inoculated by the physiologist. 

This is a question about which the student of biology should 
think. It is an important topic of discussion today. The whole 
argument goes down to the question whether a human life is 
worth the cost in animal experimentation. Many of those who 
are reading this paragraph would not be alive today if it had 
not been for diphtheria antitoxin, or antitoxins of other types. 
These are made m the blood streams of healthy animals and are 
tested, as arc all similar products, by means of animals. 


SPECIFIC BACTERIAL INFECTIONS 

These may be classified in different ways as foiJows: 


1. Diseases of the Respiratory Tract 

PneuQionia 

Streptococcus sore throat 

Diphtheria 

Vincent’s angina 

2. Venereal Diseases — Geoitourinarj' Tract 

Gonorrhea 

Yaws 

3. Diseases of the Intestinal Tract 

Typhoid fever 
Dysentery 
Food poisoning 

4. Industrial Diseases (Infections) 

Anthrax 


Scarlet fever 
Whooping cough 
Tuberculosis 


SjTihiJis 


Salmonella disease^. 

Cholera 

Botulism 

Staphylococcus infections 


In more advanced books on bacteriologj', names of 
be found at the end of this book, these diseases an c 
organisms which cause them are discussed a gre 
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Salient characteristics for some of the more common diseases are 
given in Table 6 

Virus Diseases. The term virus has undergone some change in 
meaning since it was first introduced. In general it is an agent 
which communicates an infection or disease. In some diseases 
it is known, as in typhoid fever, in this disease it is Eberthella 
typhosa, but in poliomyelitis for instance, it is unknown because 
the ctiologic agent has not been proved to be a true bacterium 
Nevertheless, in both cases one may speak of the virus of typhoid 
fever and the virus of poliomyelitis At the same time another 
conception was that viruses of diseases of unkno^m etiology were 
filterable, and the expression “filterable viruses” was used. In 
general, the terms virus and filterable virus are synonymous, 
although a few students of virus diseases do not consider them as 
diseases of unknown etiology They behevc that, since the real 
cause is kno^-n, they are diseases of known etiology. A few 
filterable virus diseases are; 

Poliomyelitis Yellow fever 

Rabies CommoD cold 

Smallpox Chicken pox 

Encephalomyeluu Herpes 

Mumps Dengue fe\er 

Measles Psittaco'is 

Influenra Trachoma 

These diseases al«o arc fully described in advanced books on 
bacteriology which arc listed at the end of this book. 
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CHAPTER 26 

TRAJfSMISSIOK OP INFECTim AGENTS 

The methods by which the agents responsible for disease are 
disseminated are quite varied. Afnny arc worthy of discussion 
since they bear quite directly on human welfare and happiness. 
Some present-day ideas rest on explanations which have been 
handed down from former times before the days of experimental 
bacteriology. These are slowly being dispelled, however, and 
replaced by sounder explanations. 

Longevity of Pathogenic Bacteria Away from Their Hosts. 
Whether a microorganism can surx'h'e long enough in nature to 
be disseminated to susceptible animals markedly influences its 
significance as a cause of epidemics. Many different factors are 
involved; it is impossible to make general statements for all 
microorganisms as some are more susceptible to one unfavorable 
agent than others. Information is given in the following para- 
graphs concerning a few bacteria which cause some of the more 
common communicable diseases and on which actual results have 
been secured by experimentation. The longevity of on untoward 
bacterium in nature determines largely the methods for fighting 
the disease which it causes and laboratory methods of analysis- 

Eberthella Ujphosa. Because typhoid fever is a disease of 
epidemiological significance, longevity of its ctiologic factor, 
Eberthella typhosa, has received considerable study. The con- 
clusions reached in different investigations differ ns might be 
expected. During investigations incident to the famous con- 
troversy in 1901 of the City of St. Louis and the State of Missouri 
versus the City of Chicago and the State of Illinois, this qucs wn 
was thoroughly studied by both sides. St. Louis contenow t la 
Chicago sewage in the Illinois river endangered the sam aO 
quality of her drinking water. Jt was contended that ^ 
producing bacteria might come dowi the Illinois river aw en 
the St. Louis intake. Much experimental work was neecs*. q 
before this argument could be refuted or confirmed, s 
478 
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pathogenic bacteria were concerned, most of the T\ork centered 
about Eberthella typhosa. Data from these experiments seemed 
to indicate that the organism could survive in pure ^\atcr (Lake 
Michigan R'ater) for about eight days and in impure water 
(Chicago Drainage Canal) for four days Forincr experiments 
had shown a survival period of as long as two months in sterilized 
water and in unsterilized water up to several weeks We may 
then make an algebraic sum of the evidence and reach the conclu- 
sion that Eberthella typhosa may persist in natural waters for 
upwards of several w-ecks The conditions which obtain during 
each experiment greatly influence results The situation for 
such bacteria as Fihno comma and Shigella dyienteriae is prob- 
ably quite similar. 

In marked contrast to (he bacteria just mentioned which show 
some ability to survive in nature are those which die quickly 
The bacteria which cause meningitis (Neisscna tniraccllulans) , 
gonorrhea {Neissena gonorrhocae) , and pneumonia arc examples. 

lafectiaa by Carriers. The earner is an individual who, with- 
out symptoms of communicable disease, harbors and disseminates 
specific microorganisms Although several diseases may bo 
spread by carriers, much more is known about the typhoid earner, 
who will bo used as a basis for the remarks in this paragraph. 
As with the missed case, the earner is a constant menace to the 
health of any community One of the worst features of the 
situation is that he shows no symptoms of infection and often docs 
not know himself that he is a menace to those about him Reports 
of detection of carriers arc especially interesting, for epidemio- 
logical investigations are just as careful and logical as those used 
to detect criminals Tiic relation of carriers to food infection has 
been discussed in Cliaptcr 24 

Although Eberthella typhosa in typhoid carriers may localize 
in several places in the human body, the gall bladder is probably 
the most common place. From this organ it enrily reaches the 
intestines to appear in sewage If Fuch infected sewage is able 
to reach a water supplj*, a typhoid epidemic may be caused. If, 
on the other hand, the carrier i<» employed in the food industrj’, 
it is easy to see how he may contaminate food® Persons usually 
become earners as a result of having had typhoid fever at some 
earlier time. Reports in bacteriological literature indicate that 
a person who has h.ad typhoid fc\*cr may remain a carrier for 
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practically his whole life thereafter. One carrier has been 
reported who had typhoid fever 50 years before; another, 30 
years; and another, 60 years. Only some 2 per cent of typhoid 
patients remain in the carrier state, but these may be a great 
menace if they are not properly instructed and convinced that 
certain requirements must be rigidly observed. "When carriers 
are unwilling to submit to attempts to cure them or to observe 
well-established practices for their control, health officers have 
considered themselves justified in taking away their liberties. 
This is done in other situations. If an individual does not obey 
other laws of society, which, for instance, state that he should 
not kill a fellow being, he is set apart for the rest of his life or 
^iven put to death should he disobey the law. Society makes its 
laws on the basis of the greatest good for the greatest number. 
The Michigan Department of Public HcaItJi had 290 carriers of 
Eberthella typhosa (typhoid carriers) under supervision in 1944. 
These individuals were not allowed to engage in occupations 
involving preparation of food, handling of milk or dairy products, 
or to be concerned with purification of public water supplies. 
They were required to report four times a year for examination 
and counsel. Carriers arc also probably involved in dissemina- 
tion of diphtheria, meningitis, and dysentery, on a much smaller 
scale, 

Another insidious situation in preventive medicine are missed 
cases. These may be responsible for endemic diseases such as 
diphtheria, colds, and other similar infections. They may result 
from absence of severe symptoms or indifference on the pari 
of the patient to slight symptoms. Individuals differ in their 
reaction to symptoms of illness. 

Those who are suffering from most of the common commum 
cable diseases, such as amebic and bacillary dysentery, ^trep o 
coccus sore throat, scarlet fever, paratyphoid fever, poHomye ns, 
diphtheria, tuberculosis or typhoid fever, or who reside in a iou.e 
hold where there is a case of most of them, or who ' 

joined from handling in any manner whatever oo 3 
for sale. 


/ INFECTION BY FOMIT^S 

fomite is an inanimate object which may spread ^ 
ausing disease. They are contaminated by disc arges 
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patient, or by handling by the patient. The fomite is probably 
greatly overemphasized as an agent disseminating pathogenic 
bacteria. If they are as important as some think, most of us 
would be ill most of the time. Books have been considered by 
some to be important agents in dissemination of communicable 
diseases. The problem is a serious one for libraries and school 
authorities It is possible that our information does not rest 
on sufficient data. It might be profitable to report briefly one or 
two investigations on this subject Laubach studied the question 
in three different ways- (1) An investigation of 75 soiled and lorn 
library books that for several years had been passing through 
hands of children who had been living in very undesirable sani- 
tary conditions, (2) a search for diphtheria bacilli on 150 books 
which were known to have been handled by persons ill with 
diphtheria; and (3) a study of books ortificialiy contaminated 
with Eschcnchia coli, Ebertftclla fyphosn, and Coryntbactenum 
diphthenae. The 75 library books showed only the presence of 
Escherichia eoU. It was staled that since Ebcrthella typhosa 
did not differ much from Eschencha colt, tlic former organism 
might exist equally long Examination of 150 books for diph- 
theria bacilli yielded negative results Artificial inoculation of 
books sliowcd that Eschenehn coh, Eberlhella typkosa, and 
CoPi/ncbactcnum diphthcnac remained ahve in books for months, 
as well as on the outside of books kept in the dark. It is difficult 
and perhaps wrong to attempt specific conclusions from these 
experiments From data secured by artificial inoculation of 
books it n ould seem best not to U'-c those which have been directly 
exposed to infectious material until after disinfection. It is 
interesting to note that sunlight was efficient for this purpo«c 
Kenwood and Dover stated that there is probably no material 
ri«k involved in the reissue of Uioks recently read by consump- 
tives unless the books arc obviously soiled and even then the 
risks arc very slight. 

Money. Experimental work indicates (hat there is much mi«- 
mformation on tins subject Because money is rapidly circulated 
one migiit expect it to di<-ctninnte pathogenic bacteria If this 
were true, wc might ha\*c a difficult problem with wbicb to cope 
Fortunately, coins carry very lew bnelenn It i« known tliat 
the metals from which the coins arc made allow the formation of 
salts of beax-y metals which arc toxic to microorganisms A 
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penny is made up of 95 per cent copper and 5 per cent silver and 
tin; a nfekei, 75 per cent copper and 25 per cent nickel; and a 
(lime, DO per cent silver and 10 per cent copper. The salts of all 
these metals, with the exception of tin, are known to be bacteri* 
cidaj. As a com is circulated, it might come in contact with acids 
and alkalis which would cause salt formation. Even paper bills 
contain few bacteria, owing perhaps to the fact that the conditions 
for survival on them arc not favorable. 


Postage Stamps. Because of the construction of postage stamps 
tiiey might easily pick up objectionable bacteria. This idea is 
illustrated in the instructions to postmasters that they shall 
dispense stamps with the gummed side up to minimize the oppof’ 
tunity of ac^piiring bacteria from the counter. One study of 
stamps from SO different sources showed ordinary bacteria among 
which wore several forms that may, at times, be pathogenic 
Danger, however, from postage stamps is very sliglit since they 
are not handed about, ordinarily, os arc coins. One cannot over- 
look, however, the practice of moistening the stamp with the 
tongue. A recent report of a laboratoiy examination of the 
bacterial content of postage stamps revealed numerous bacteria. 
In some cases the colonies were too numerous to count. 

Dishes and Tableware. Such foniitcs come into very close 


contact with the sick and thus may harbor active disease- 
producing bacteria Taylor showed the presence of living tuber- 
cle bacilli on eating utensils used by persons ill with tuberculosis 
Hemolytic streptococci were isolated from dishes and tableware 
in restaurants by another investigator. From these data, and 
others which could be given, the danger of infection that lurks m 
the utensils for dispensing bereragf^s at public places 
readily appreciated. In the United States the public drinking 
cup has been eliminated by /cgislation in practically all P 
except the so-called soft-drink parlor. Here superficial me o s 
of washing are a menace, and one may be cowmeed t a « 
still using common eating utensiis unless paper utensi s are me 
Effect of Dishwashing on Bacteria. This common . 
in the home may be of considerable hygienic significance, 
and since the great epidemic of respiratory J 

much research has been carried out *“ that 

dishwashing on bacteria. EJTWiraeata) work has 
machine-washed dishes are much more satisfacto y 
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cally than hand-washed dishes. Hand-washed dishes arc washed, 
usually, at a much lower temperature. With machine-washed 
dishes boding water may be used. Oram and Bioadhurst found 
that the hottest water nhieh 30 different people could use 
(49-57'’C.) was not germicidal since it nas below even pasteur- 
izing temperatures and acted for too short a time. They also 
reported that hot water alone did not remove or destroy organ- 
isms from the throat. Iland-washed dishes, it was advised, 
should be rinsed in boiling water. A soapy lather was necessary 
to remove entirely material with which the dishes were contami- 
nated before the washing experiments. The day has come in 
the United States when allcnlion is being paid by puidic-hcalth 
officials to this problem. Glass containers nhich arc only super- 
ficially washed will not be tolerated m public drinking places. 

Washing Powders. Such powders arc frequently used in water 
for washing dishes and dairy utensils. Doanc studied their 
germicidal properties Although most of them winch were used 
destroyed bacteria, ho stated that choice of a washing powder 
would rest on the price and not on a superior germicidal nctivity 
of any one powder. Discussion of the germicidal activity of 
soaps given in Ciiaptcr 12 also has some bearing here. 

It is proper to say at this place that Schroeder and Southerland, 
who studied the bactericidal effect of soaps in laundering, found 
them of no value in the strengths used Their data arc indirectly 
applicable to this discussion. They were able to isolate a 
staphylococcus from a soap solution which was ten times ns strong 
ns the solution used in the washing machine. Such data indicate 
that, if disinfection is desired, a detergent should bo u«cd first, 
followed by the disinfectant. 

Bathroom Appliances. Tlicsc might be regarded without 
reservation as suspicious fomitcs. Some data have been pub- 
lished from which conclusions may be reached. Hirst and 
Ro'cnbcrg ftu{licd over 100 tubs in three college <lormitoncs. 
About 35 per cent of the tubs showcel the presence of nschcrickia 
colt, which 18 often used as an indicator of pollution. These 
investigators reported that the indicator org.am«m was more 
frequently found on the bottoms of the tubs than on the side* 
I>pcciaIIy important, liowcvcr, was the statement that vi-ual 
criteria of rlcnnliness were without value m predicting hygienic 
condition of the tubs. This paper is of especial interest in con- 
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nection with a report of Dowd in 1921 of gonorrheal infection 
traced to a bath tub. The author was absolutely convinced of 
the correctness of his assumption. 

Soiled Linens. Relation of such fomites to disease is so close 
that little evidence need be presented. It is easy to appreciate 
the possibility that such things as bed linen, sleeping garments, 
and the like, might harbor pathogenic bacteria. For instance, 
McIntosh, a British medical health officer, reached the conclusion 
after a painstaking investigation that soiled linen from a home 
m which smallpox existed had caused the infection of Jaundrj' 
workers. . Several investigations have been reported by Schroeder 
and Southerland ^ Their study involved two types of laundries, 
hand laundries and steam laundries. In general, they found the 
hand laundries to be unsatisfactory. The methods of sorting and 
marking the clothes might lead to infection of the employees. 
They found that in most hand laundries the clothes were placed 
m large bags or nets and sent to steam laundries where they were 
washed as units and returned to the hand laundries wet. The 
drying facilities in hand laundries were not such that death of 
objectionable bacteria would be secured, if they survived washing 
processes. In the ease of steam laundries there was greater 
opportunity for satisfactory results, but certain objcciitinabk 
practices were obser^'cd. Soiled and clean clothes were carried 
in the same wagon Wet clothes, infected with bacteria and 
subjected to action of the usual degree of heat found in drjdng 
houses, tumblers, mangles, and hot presses, were freed of Ibnng 
bacteria. Such reports, and others that might be mentioned, 
justify consideration of the public Jaundr>' as a possible danger. 

Another investigation concerned the bacterial content of under- 
shirts which are worn frequently without frequent washing. 
From an average bacterial content of 400,000 bacteria per square 
inch after one use, the number increased to nearly 10 million after 
the garment had been worn six times. Careful laundering reduced 
the number to a satisfactory limit. Species most prevalent were 
staphylococci and streptococci. A few’ fecal bacteria were oun 

on one specimen. Presence of many hemolytic L 

to the investigator that underclothing should be requ 

IM. C. SoWdev and S O. Sonltotod. LanMriea P* 

Health a Sanitary Study Including Bactenologic TesU, • <5- 
Service, Pub. Ih '' 32. J 917. 225-16. 
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changed and laundered by a process ^hich would destroy patho- 
genic types of bacteria. 

It is obvious that the types of soap u^cd and tlie tenapcratures 
and times «hich are involved would have much to do with the 
sterilizing value of the laundering process Three types of 
bacteria {Staphylococcus aureus, Eberthella typhosa, and Clos- 
tridium welckii) which were used in one investigation were 
destroyed by soap and an alkaline builder in concentrations and 
at temperatures commonly used in the power laundrj' Sodium 
hypochlonde or hydrogen peroxide in low concentrations as 
used nuth soap produced complHc destruction of these organ- 
isms. Water at 160°? also was quite active in destroying 
microorganisms Attention is directed to Chapter II for a dis- 
cussion of ironing as a means of sterilization 

It is also of interest to note that the complete dr>’-c!eanjng 
process, involving use of dry -cleaning soap, rendered inoculated 
textile fabrics sterile to ordmarj* contaminating bacteria Neither 
heat alone at the temperature most commonly used in drying 
fabrics during drj' cleaning (120®F) nor dry-clcaning solvent 
without soap or other detergent aas effective in producing com- 
plete sterilization. In general, the investigators, whose work 
is just quoted, considered dry cleaning to be of distinct value to 
public health 

Public Drinking Fountains. These were adopted after the 
public drinking cup had been <lrhcn from (he street corner into 
the icc-crcam parlor and tavern Epnlcinudogical investigation 
of an outbreak of tonsilitis in a dormilorj' of n largo university 
called attention of bacteriologists to the fact that drinking foun- 
tains with vertical jets might harbor for a long time bacteria 
from the mouths of those ^ho used them The subject was then 
invcstigatcil by the American Public Health Association and 
American W’atcr Works Association Among other recommenda- 
tions was one that the jet of the fountain should bo at an angle 
so that water would not fall back on the orifice from which it 
emanated. Guards of metal were nI«o recommended to keep the 
lips of drinkers away from the orifice. 

Other Fomites. Saelliof reported that hemnlytic streptococci, 
and Occasionally Coryncbactrnum di'phthcnac am! pneumococci, 
were present on (ho rcccivcn# and (mn«mft(crs of telephone- 
So-called “court plaster’' may be considered a fumitc. It i« 
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nection with a report of Dowd in 3921 of gonorrheal infection 
traced to a bath tub. The author was absolutely convinced of 
the correctness of his assumption. 

Soiled Linens. Relation of such fomites to disease is so close 
that little evidence need be presented. It is easy to appreciate 
the possibility tliat sucli things as bod Jinen, sleeping garraents, 
and the like, might harbor pathogenic bacteria. For instance, 
McIntosh, a British medical health officer, reached the conclusion 
after a painstaking investigation (hat soiled linen from a home 
in wliicli smallpox existed had caused the infection of laundr}* 
workers. . Several investigations J>avc been reported by Schroeder 
and Southerland.* Their study involved two types of laundries, 
iiand laundries and steam laundries. In general, they found the 
hand laundries to bo unsatisfactory. The metliods of sorting and 
marking (he clothes might lead to infection of the employees. 
They found that in most hand laundries the clothes were placed 
in large bags or nets and sent to steam laundries here they were 
washed as units and returned to the Imnd laundries wet. The 
drying facilities in hand laundries were not such that death of 
objectionable bacteria would be secured, if tliey survived washing 
processes In the ease of steam laundries there was greater 
opportunity for satisfactory results, but certain objectionable 
practices were observed. Soiled and dean clothes were carried 
in the same wagon. Wet clothes, infected with bacteria and 
subjected to action of the usual degree of heat found in drying 
houses, tumblers, mangles, and hot presses, were freed of living 
bacteria. Such reports, and others that might be mentioned, 
justify consideration of the public laundry as a possible danger. 

Another investigation concerned the bacterial content of under- 
shirts which are worn frequently without frequent washing. 
From an average bacterial content of 400,000 bacteria per square 
inch after one use, the number increased to nearly 10 million ^ er 
the garment had been worn six times. Careful laundering re uce 
the number to a satisfactory limit. Species most prevaJen were 
staphylococci and streptococci. A few fecal bacteria were oun 
on one specimen. Presence of many hemolytic bacteria sugges e 
to the investigator tliat underclothing should be frcque 

IM. C. Schroed.r and S G Lamdries and ife 

HeaHh, a Sanitary Study locludtag BactenoJogic Tests, u 
Service. Pub. Health Repls. 32, 1917, 225-16 



INFECTION BY FOMITES 4S.i 

changed and laundered by a process which would destroy patho- 
genic types of bacteria 

It is obvious that the types of soap used and the temperatures 
and times which arc involved would have much to do with the 
sterilizing value of the laundering process Three types of 
bacteria {Staphylococcus aureus, Eberthella typhosa, and C/os- 
tridium xvelchn) which wore used in one investigation were 
destroyed by soap and an alkaline builder in concentrations and 
at temperatures commonly used in the power laundiy Sodium 
hypochloride or hydrogen pero’cide in low concentrations as 
used with soap produced complete destruction of these organ- 
isms. Water at 1C0°F also was quite active in destroying 
microorganisms Attention is directed to Chapter II for a dis- 
cussion of ironing as a means of sterilization 

It IS also of interest to note that the complete dry-cleaning 
process, involving use of drj'-clcaning soap, rendered inoculated 
textile fabrics sterile to ordinary contaminating bacteria. Neither 
heat alone at tlic temperature most commonly used in drjdng 
fabrics during dry cleaning (I20*F) nor dry-cicanmg solvent 
without soap or otlicr detergent was effective in producing com- 
plete sterilization In general, the investigators, whose work 
is just quoted, considered dry cleaning to be of distinct value to 
public health. 

Public Drinking Fountains. Tlicsc were adopted after the 
public drinking cup had been driven from the street corner into 
the ice-cream parlor and tave'rn. Epidemiological investigation 
of an outbreak of tonsilitis in a dormilorj- of n largo university 
called attention of bacteriologists to flic fact tliat drinking foun- 
tains with vertical jets might harbor for a long time bacteria 
from the mouths of those who used them. The subject was then 
investigated by the Amenean Public Health Association and 
American Wafer Works Assoeiafion Among other recommenda- 
tions was one that the jet of the fountain should be at an angle 
60 that water would not fall back on the orifice from wliieh it 
emanated. Guards of metal were al«o recommended to keep the 
lips of drinkers away from the orifice 

Other Fomites. Paelhof reporterl that hemolyflc stroptoroeci, 
and occasionally Corynrbactfnum dlphthrnnc and pneumoeocei. 
wore present on the recciven and tran«mittrrs of (elephonex 
So-called “court plaster” may be considered a fomite It m 
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section with a report of Dowd in 1921 of gonorrheal infection 
traced to a bath tub. The author was absolutefy convinced of 
the correctness of his assumption. 

Soiled Linens. Relation of such fomites to disease is so close 
that little evidence need be presented. It is easy to appreciate 
the possibility that such things as bed linen, sleeping garments, 
and the like, might harbor pathogenic bacteria. For instance, 
iVlcIntosh, a British medical health officer, reached the conclusion 
after a painstaking investigation that soiled linen from a home 
in which smallpox existed had caused the ii\lect\on of laundry 
workers. . Several investigations have been reported by Schroeder 
and Southerland. ‘ Their study involved two types of laundries, 
hand laundries and steam laundries. In general, they found the 
hand laundries to bo unsatisfactory. The methods of sorting and 
marking the clothes might lead to infection of the employees. 
They found that m most hand laundries the clothes were placed 
in large bogs or nets and sent to steam laundries where they were 
washed as units and returned to the liand laundries wet. The 
drying facilities in hand laundries were not such that death of 
objectionable bacteria would be secured, if they survived washing 
processes. In the case of steam laundries there was greater 
opportunity for satisfactory results, but certain objectionable 
practices were obser%'ed. Soiled and clean clothes were carried 
in the some w'agon. Wet clothes, infected with bacteria and 
subjected to action of the usual degree of heal found in d^iag 
houses, tumblers, mangles, and hot presses, were freed of Imag 
bacteria. Such reports, and others that might be mentioned, 
justify consideration of the public laundry as a possible danger. 

Another investigation concerned the bacterial content of under- 
shirts w’hich are worn frequently without frequent washing' 
From an average bacterial content of 400,000 bacteria per square 
inch after one use, the number increased to nearly 10 rnillion s ter 
the garment had been worn six times. Careful launderlngredvce 
the number to a satisfactory limit. Species roost prevalent were 
staphylococci and streptococci. A few fecal bacteria were oun 
on one specimen. Presence of many hemolytic bacteria sugges c 
to the investigator that underclothing should be requen 


IM. C. Sebrorfsr snd S. G. Sonfbwhiid, laundries anil Ik' 
Health, a Sanitary Study Including Bacteriologic Tests, u. 
Service, Pub. Health Repts. 32, Idl7, 225-46. 
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Modern means of travel by airplane, automobile, and rail- 
roads has introduced new problems in cuntro) of communicabk 
diseases Rapid expansion of air trawl iia« made it possible for 
disease-infested rodents and insects to be earned from country 
to country in a short time Attention has already been given to 
the prevention of spread of yellow fever by air traffic by the 
Pan American Sanitary Bureau The bureau, keeping abreast 
with the rapid expansion of the air travel by the lines of the Pan 
American Airway System, has made arrangements to prevent the 
international spread of ycllcm fever by air traffic Under the 
terms of the agreement, all flying personnel of the company will 
be vaccinated against yellow fever Furthermore, each passen- 
ger embarking in a Pan American Airways plane at any point 
north of 30 degrees south latitude will be required to fill out a 
form designated as "Certificate of Origin of Passenger.” The 
questions included in this form deal chiefly vith an accounting 
of the passenger’s location for the 0 da)'s prceeding embarkation 
at the airport. This period, taken together ^ifh the time con- 
sumed on the voyage, gives a fairly iMdc margin of safety. In 
instances in ivhich the passengers ha%c come from actually 
infected localities and the 6-day period of incubation since the 
last possible exposure lias not been completed on arrival at 
destination, the passengers, according to the discretion of the 
quarantine officer, may be placed m open surveillance, observa- 
tion, or detention, as may be dccme<l safest and most expedient. 
Finally, as an additional precaution, airplanes will be fumigated 
during tiic night, wlicn not in use This recognition of the 
dangers attending the facilit.ation of the spread of disease by air 
traffic and the noteworthy mca«urcs taken for its prevention 
constitute an important chapter in cpidciniologj’. 

CONTACT INFECTION 

This term implies close association of the sick with the well. 
The committee whicli prcparal the report on "The Control of 
Communic.able Di«eascs” defined the term contact as follows: 

A “contact” ts ant/ person or annual knou'n to have been 
SMfficxenthj near an \njcctcd person or animal to have been 
prcsumnhhj exposed to transfer infcetiou^ matertal directly, or 
by articles freshly soiled with such material. This is the best 
c.xpJanation for dissemination of certain diseases, for it is the 
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prepared long before it is used, and, even though it is prepared 
from sterile materials, it may become objectionable during its 
sojourn in the home before use. It is quite unsatisfactory for 
wounds. It is frequently moistened with saliva before applica- 
tion to wounds which makes it stiJJ more ohjectionahle. 


AIR-BORNE INFECTION 

Varying opinions have been held as to the importance of air 
in spread of agents causing communicable diseases. Our fore- 
fatliers believed that emanations or some hypothetical agent could 
be in air. They observed that those who lived in the vicinity of 
swamps frequently contracted malaria. The disease was called 
swamp fever and was attributed to emanations or gases from 
the swamp. Finally, it was shown that these agents were mos- 
quitoes. Location of hospitals and sanitaria has frequently been 
beset with much opposition from those wJjo resided in the vicinity 
of the proposed sites because they believed that they would be 
more liable to infection. There is little sound basis in such a 
belief, because pathogenic bacteria do not survive long in fresh 
air and sunlight. So-called pest houses, now called isolation 
hospitals, were once located at the edge of villages because they 
were feared. Most liealth authorities are agreed that such fears 
were groundless. 

The situation in enclosed areas such as classrooms, churches, 
and theaters, for instance, may. be different. Evidence has 
accumulated in recent years to show that droplets expelled into 
the air from the nose and throat in sneezing, coughing, and talking 
may remain suspended for some time. They evaporate quite 
rapidly and settle to be raised into the air as dust and be wide y 
spread by air currents. Certain pathogenip bacteria which were 
used in experiments were shown to live for several days in dr^ e 
nuclei. It has thus been shown that the nasopharyngeal ora 
may be exchanged from person to person. This mea-us t a 
pathogenic bacteria which may be present may also ‘ 

That this is possible has now been proved by various inves ga o 


in different laboratories.* 

s W. F. TV'eJIs and Mildred W. TVetfe, Air-Borne Jalectioo, J. 


Assoc., 107 (1936), 169^1703. 

L. Buchbinder, The Tranamtssion ot Certain Infections 
Ofigin^Critical Review, Idem., 118 (1912), 717-30 
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Modern means of travel by airplane, automobile, and rail- 
roads has introduced new problems m control of communicable 
diseases Rapid expansion of air travel lia- made it possible for 
disease-infested rodents and insects to be carried from country 
to country in a short time Attention has already been given to 
the prevention of spread of yellow fever by air traffic by the 
Pan American Sanitary Bureau The bureau, keeping abreast 
with the rapid expansion of the air travel by tlic lines of the Pan 
American Airway System, has made arrangements to prevent the 
international spread of yellow fe\cr by air traffic. Under tlic 
terms of the agreement, all flying personnel of the company will 
be vaccinated against j'ollow fever Furthermore, each pasecn- 
ger embarking in a Pan American Airways plane at any point 
north of 30 degrees south latitude will be rerjuircd to fill out a 
form designated as “Certificate of Origin of Pn«scngcr " The 
questions includcif in this form deal chiefly with an accounting 
of the passenger’s location for the 6 d.ays preceding embarkation 
at the airport Tins period, taken together with the time con- 
sumed on the voyage, gives a fairly wide margin of safety. In 
instances in which the passengers have come from actually 
infected localities and the C*day period of incubation since the 
last possible exposure has not been completed on arrival at 
destination, the passengers, according to the discretion of the 
quarantine officer, may be placed m open surveillance, ob«cr\’a- 
tion, or detention, as may be deemed safest and mo'Jt expedient. 
Finally, as an additional precaution, airplanes will be fumigated 
during the night, when not in u-c Tlii« recognition of the 
dangers attending tlie facilitation of the spread of disease by air 
traffic and the noteworthy measures taken for its prevention 
constitute an important chapter in cpidcmiolog}’. 

CONTACT INFECTION 

This terra implies close association of the sick with the well. 
The committee whicJi prepared the report on '‘Tlic Control of 
Communicable Diseases” defined the term contact as follows: 

A "contact” is nny person or antmal knoun to have been 
tujjicrenlhj near an infected person or animal to have been 
presumably exposed to tron*/er tnfecltous matcnal dircetly, or 
by articles freshly soiled uith such material Tlii« is the best 
explanation for dissemination of certain diseases, for it is the 
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direct method Isolation and quarantine procedure aim to pre- 
vent close contact of sick and well. The following account of a 
smallpox peddler illustrates contact infection and sho;v5 what 
happens when it is not prevented.® Smallpox is rare today in 
the United States. 


About October I5» Z92R a man arrived in Garnett, Anderson County, 
from Kansas City, Mo, to work with a road gang whose camp was imwe- 
diatcly outside Garnett. He was m the early stage of black smallpox and 
two or three da3-s later reported sick. Tlie disease was promptly Tecogmzed. 
the man isolated, and all of the other men in the gang vaccinated. The 
problem then arose as to who was to attend this man, Working with the 

gang ivas a mao named IV who professed to have no fear whatever 

of smallpox, and to whom the task of nursing a sick man appeared easier 
than building roads. He therefore offered his services to the county health 
officer, and it was agreed that he should act as nurse for this man and keep 
himself rigidly isolated from the outside world. 

IVhile the nursing apparentlj’ suited W 's tastes, the solitude and 

isolation certainly did not, and he frequently took the liberty of going to 
town for one reason or another. Being warned by his compamMa that he 
wa$ breaking the law and fesnng that he should be put under arrest, he 
boarded a tram one night and disappeared. 

Nothing was heard of Jum until two weeks later, when he appeared in 
loJa, Alien County, and reported sick. His sickness proi ed to bo smallpox, 
and this was promptly recognircd. A vacant house was procured and the 
man confined there In the meantime the man m Garnett died, but 
t V- , more fortunate than Ins former patient, after ten days or so of 
fairly severe illness felt practically as well as ever, so well, in fact, that be 
decided to leave lola and get married. 

•The wedding trip included a viait to Thayer, Neocho County, and in 
this place he called on three families. This was about November IS 
During the first week of December smallpox broke out m these families, 
and at time of wntiug fourteen casca of smallpox have occurred, al o 
which can be directly or indirectly traced to V* 

During the first week of December also the bride became ill, and a cr 

on her sister and mother-in-law (Mrs W Sr ). It docs not seem to 

have occurred to tV however, that all these cases could a 

anything to do with his sickness, and, while h« wife was sick, an ^ e 
his mother, he kept constantly leaving the bouse where they were con 


and associating with well people, 

From the fact that his operations involved three counties, e 
of this man with all these cases was not at first noticed, but, w en i , 
apparent, he was immediately placed under arrest and is now 


From this man’s ignorance and criminal carclEesaeea have app 
3 Frank G Pcdley, A Smallpov Peddler. Kansas Slate Board cf HcoUh 


Bull 17, 1921, 222-223. 
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arisen at least fourteen cases of smallpox and four deaths— one of them hi.> 
own mother. The mayor of Thayer, writing to the State Board of Health, 
stated that some of the cases there were so hornbjy disfigured by the disease 
that they “did not look like human beings ” 

This history is gnen not onlj* for its interest, but to emphasize the fact 

that people of the type of \V are to be found e\erj'where In fact, 

at times we are completely at their merej', and the only way to be perfectly 
safe is to be vaccinated 

Handshaking is another illustration of dose contact which may 
result in dissemination of undesirable bacteria The danger 
which lurks in the practice is borne out by the many cases of 
typhoid fever caused by carriers who prepared the food In such 
cases, the hands were the agents by which the foods were infected 
The hands which infected the foods may have infected other 
hands. A little thought will soon convince the most skeptical 
that the hands may be dangerous agents All sorts of things and 
materials arc handled from morning until night Handshaking 
allots the most intimate contact, the reasons for ^hich it was 
introduced by our early forefathers no longer exist in most com- 
munities. Buice and his colleagues recently reported the occur- 
rence of Eschcncfna coU of intestinal origin on the hands of one 
out of every 12 food handlers There is no reason to believe 
that these observations might not be c.\tcnded to other groups 
of people. During World War I, when influenza was raging 
through practically all nations, its dissemination nas said to be 
by the hands in some cases- The hygienic significance of hand 
washing is indicated. 

INSECT-BORHE DISEASES 

Insects may disseminate disease-producing microorganisms in 
diflerentways: (1) They may carrj' the organisms on their bodies 
and leave them in food or c\cn in wounds (2> they may carrj’ 
them in their intestinal tracts and deposit them m tlicir excreta, 

(3) they may carrj- them in blood which they have sucked from 
the blood stream of an infected animal and thus seed a healthy 
animal; (4) they may take them into their bodies and transmit 
them to their ofTspnng, bites of which are infectious; and (5) 
insects may be one of the hosts in which the parasites dcielop in 
one of the stages of growth These means of spreading di^o-a*?- 
producing microorganisms owrlap in some cases. 
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Such diseases as yellow fever, malaria, and Rocky Mountain 
spotted fev’cr are spread by' insects. Besides these in which the 
microorganism seems to dc\*elop in the body of the insect are 
other diseases, such as typhoid fever and dysenfciy, in which the 
microorganisms arc carried on the insect. The fly, mosquito, 
cockroach, and bedbug, all more or less common insects, have 
been studied bacteriologically. During the Spanish-American 
War, many American soldiers had tj'phoid fever. A commission 
appointed to investigate the question decided that flies served as 
carriers of tlic typhoid bacteria. 

Reports on the baclcriologj' of flics arc numerous. In one 
case an investigator e.xnmincd flics for typhoid bacteria near a 
sick room, in winch was a typhoid patient; 5 out of 18 flies showed 
the presence of this organism. Esten and Mason reported that 
a single fly could carry from 550 to 0,600,000 bacteria of all kinds. 
It is unnecessary to quote more data. The case against the fly 
is wcH established. 


The fly is of interest as an agent for the spread of disease- 
producing bacteria in two ways, by the mechanical cnrrj'ing of 
microorganism on (1 ) the feet and legs and, (2) in the alimeotaiy 
tract The latter method may need a little more discussion than 
the former. Graham-Smith, w-ho made a careful study of the 
subject, fed (lies a number of pathogenic hactem and then 
determined the longest period after which organism could be 


recovered from various parts of the fly’s body. The data were 
interesting. They appear in Tabic 7. Graham-Smith called 
attention to the fact that they come from heavily infected flies. 

The cockroach, Blatta gennanica, has also been incriminated in 
the dissemination of undesirable bacteria. One investigator 
stated that the cockroach, by contamination with its feces, is ab e 
to play a part in the dissemination of tuberculosis and the 
pyogenic bacteria. Animal and vegetable parasites ha%e en 
demonstrated in the digestive tubes of cockroaches. A ^.ou 
American w’orker found pathogenic bacteria in cockroac es 
caught in toilet rooms. Barber in 1914 stated that the coc ac 
should be stamped out. He exposed fecal materia ^ le ^ 
been inoculated with the organism causing ..4 

roaches devoured this greedily. The bacteria 
in the roaches 6 to 9 hours after feeding. The ,L 

infect food during this time since the cholera parasi e 
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for about 16 hours on human food after discharge by the roach. 
Such data indicate a strong ease against the cockroach 
The red ant was shown to harbor the cholera organism 8 hours 
after it had ingested food containing it 
Working with fleas, Bacot showed that the alimentary tract 
of the flea larva may become infected aith bacteria if these 
bacteria appear in the food He aUo showed that infection of 
the larval gut might persist during the resting period of the larva 
in the cocoon and that there was satisfactory evidence that such 
infection might survive the pupal stage 

TABI.L 7 

Showino the LoNQEsr Period afteh Wmen Vathogemc Bacteru Could 
Be Isolated from Artoicklly Inficted Flies 
(Aticr (;raham*Smitli) 

Time m Days 




\\ ingA 

Vend 

Crop 

Gut 

Feces 

Eberthella typhoia 





6 

2 

Salmonella entenlidie 

7 


7 

6 

7 


Myeobael. lubercutoeta 




3 

1C 

13 

Tuberculous sputum 





7 

5 

^east 

2 5 

2 5 

2 S 

2 

3 

2 

Corynebaclenum dipklhenae 

S 

5 

5 

7 

5 

2 

Saetllui anthraeia 

2 


4 

$ 

3 

2 


SOhrs 

5 hra 

2 

2 

2 

30hrs 

Senalia mar««c«i* 

$ 

12 

n 

5 

17 

C 

Anthrax spores 

20 

20 

20 

13 

20 

13 


Under this heading an opportunity is presented to discuss some 
of the early work which was done to prove that yellow fever i« 
nif)«quito-bomc. As is true with ninny of our great discoveries, 
indefinite statements w ere made in early medical work that yellow 
fever was spread by mosquitoes. It remained for some carefully 
controlled experiments by Rcc<l, Agramonte, Lazear, and Carroll 
to prove this definitely beyond doubt. By means of experimental 
^'ork in Cuba fhc^c medical o/Iicere of the United States Army 
secured experimental work for the hj*pothe«is c\prc«cd by 
Findlay in 1881. Experiments were outlined in a careful manner 
and yielded logical conclusions. Tlicy inxolvcd the use of volun- 
tarj' human beings wdio yielded to the bites of infected mo«quitoc^. 
First of all, of cniir«c, the«c men had to be carefully isolated for 
a period greater than the incubation period of yellow fever to 
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insure that they were healthy individuals lor ronductiog the 
experiments Having passed this test, they were placed in 
screened enclosures, in which infected mosquitoes were released. 
Yellow fever usually resulted in about 6 days. Other experi- 
ments were conducted which confirmed the conclusion that the 
yellow fever mosquito was tlie real agent in transmission of the 
disease. 

Experiments were also conducted on other agents, which were 
at one time or another believed to disseminate the disease. For 
instance, it was believed at one time that bed linen and articles 
of clothing could harbor the infectious matter and thus be 
responsible for dissemination of the disease. This was disproved 
by allowing healthy men to sleep in beds soiled with excreta from 
yelJoiv fover patients. Such experiments ivere negatWe. These 
and otiier experiments too numerous to mention helped to 
strengthen the case against the mosquito. Once it was proved 
that the mosquito spread the disease, antimosquito campaigns 
were instituted in certain tropical cities. These in themselves 
caused great reduction in the yellow fever rate as well as in the 
mortality rate. The conquering of yellow fever is one of the 
greatest triumphs of sanitarj' science. It has made possible the 
building of the Panama Canal, a project wliich was several times 
defeated by mosquitoes. It has made life and happiness more 
certain in tropical cities. 

Vessels, trains, and especially airplanes are problems in control 
of insects and, therefore, in control of the diseases which they 
cause. Evidence has been observed that potentially dangerous 
mosquitoes as well as other insects have been transported by 
airplanes. The problem is significant because of the short transit 
time of the airplane. Another problem here is transport of 
infected human beings. A traveler may be infected ® 
disease before departure and become ill soon after reaching s 
destination. Such possibilities increase the problems of quaraa 
tine officers. Compulsory vaccination against as many iseases 
as possible and more quarantine stations may be require . 

ANIMAL-BORNE DISEASES 

These diseases, transmissible from animals to man, are some 
of the most important with which health officers ha\c o 
They may be transmitted in different ways. 
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Anthrax. This malignant disease of man and animals is 
caused by Bacillus anthracis. Man may be infected by inocula- 
tion from an accidental wound or scratch, by inhalation of the 
spores, Or by eating insufficiently cooked flesh of infected animals. 
The period of incubation is usually 7 days Anthrax is com- 
municable during the febrile fc\'er stage or until lesions cease 
discharging. Anthrax has been caused by cheap unstenhzed 
brushes and by hides Those who work in industries involving 
handling of hides are advised to be alert to possibility of infection 
Since it may also be food-borne, milk from infected animals 
should not be used. 

Glanders. The etiologic agent in Pfeifjcrclla mallet The 
disease is spread by discharges from open lesions of liuman or 
equine eases This includes pus and mucus from the nose and 
throat, feces, and urine Glanders is mainly a disease of horses. 
All horses in infected areas should be quarantined, and everj’ 
possible attention should be gnen to cleaning and disinfection 
of stables. The period of incubation is 1 to 6 days. 

Tuberculosis. This di«casc is usually thought of first when 
one thinks of diseases winch arc transmissible from animals to 
man. The discussion has centered around the possibility of 
transmuting bovine tuberculosis to liuman beings. In 189S 
Smith distinguislicd the bovine type of tubercle bacillus from 
the human type In 1913 Park and Kruinwicdc gave some 
figures winch probably represent the present-day situation. All 
pulmonary tuberculosis is causetl by the human type of the bacil- 
lus; about one tenth of the tuberculosis of bones, joints, and 
lymph nodes in adults, and a fourth of tuberculosis of these types 
in children is due to the bo\inc bacillus Other data have indi- 
cated that 6 to 10 per cent of deaths from tulierculo-'is in children 
below 5 years of age arc due to the bo'inc type of tubercle 
bacillus, probably bccau'>e milk constitutes a larger part of the 
food of clnldrcn than of adults 

Undulant Fever (Brucellosis), nii' is a discn'ic of relatively 
recent cxjilanation. Fevirs of oliscurc origin h.axc nlw.iys 
troubled physician-^. In 19a'> a sliip sailc<l from the Wand of 
Malta with a shijimcnt of GI go its for the Uniird States Eight of 
twelve officers and men who drank large quantities of raw goats 
milk became ill Two of the four who c-cnin-d illnr«- had i)"i!cd 
the milk, the remaining two had drunk on!\ a little .\t the 
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quarantine station, a bacterium known to cause Malta /ever 
isolated and described by Bruce in 1887, was found in the goats’ 
milk. Foliowing this, sporadic cases of undulant fever occurred 
in the United States. About 10 years later Bang, a Danish bac- 
terioiogist, isolated an organism, Bacillus abortus, as the cause of 
contagious abortion, frequently called Bang’s disease. No rela- 
tion between these discoveries was evident until Evans of the 
United States Public Health Service found that these bacteria 
were identical. She then stated that a disease might cx}5t in the 
United States resembling Malta fever. This has been found to 
be true, and the disease in human beings is called undulant fever. 
The organism is known to be present in milk, and the easiest 
way to prevent infection is to use pasteurized milk. Certified 
milk from abortion’ free herds'* may be safe, but pasteurized 
milk is safer. 

The disease in human beings is characterized by slow onset 
and irregular fever of prolonged duration from which the disease 
secures its name. 


Psittacosis. This is a malignant disease transmitted to man 
ftotn pet birds such as parrots, parakeets, love birds, and canaries. 
The etiologic agent is apparently a filterable virus. It may be 
transmitted by human contact or from infected birds. The 
period of incubation is C to 15 days. Health officers fight the 
disease by controlling shipment of birds and quarantine of homes 
and petshops known to have harbored infected birds. 

Tularemia. This disease (often called rabbit disease) is spread 
by different species of wuld rodents. The etiologic agent is 
Pasteurella tularensis. Tularemia may be spread by bites o 
infected flies and ticks, or by inoculation through handling 
infected animals. The average incubation period is three days, 
although it may be as short as 24 hours and as long as 10 ays. 
Tularemia has not been transmitted from man to man. 
to control the disease involve avoidance of bites of flics an ic 
and use of rubber gloves in dressing wild rabbits. T jc c. o 
wild rabbits should be thoroughly cooked or rcfngcra e o 
months. Many bacteriologists who have studied the 
the laboratory have been infected. Those wlio dress n i ’ 

or perforin necropsies on infected laboratory aniraa s, 
wear rubber gloves. 
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Rabies. This is a spectacular disease transmissible to human 
beings by bites of rabid animals, particularly dogs, cats, wolves, 
and similar animals. It is spectacular because of the long incu- 
bation period which may elapse after exposure from a bite, the 
extraordinary symptoms, and the usually fatal ending. Rabies 
is one of the virus diseases m winch the central nervous system 
is especially involved. The virus is present in the salh'a of the 
rabid animal which explains its entrance into the blood of the 
individual who has been bitten Although infection with rabies 
is usually thought of m connection with dogs, other animals such 
as liorses, foxes, cats, cows, raccoons, and goats arc known to be 
susceptible. Control of rabies, however, is best accomplished by 
rigid control of dogs by quarantine when rabies has appeared 
and by elimination of stray dogs. 

The public becomes aroused nhen human beings have been 
bitten, and the tendency is to destroy suspected animals Health 
officers arc agreed that this is most unfortunate. It is best to 
capture the animal and keep it under observation. This may 
make ifc possible for veterinarians to determine whether it has 
or has not rabies If the animal lias been killed, this cannot be 
done, and reliance must be made solely on loboratory examination 
of the brain of the animal nhich in many eases has not been 
properly cared for. 

Determination of presence of rabies m a dog uiucli has bitten 
a human being is necessary to decide whether the Pasteur treat- 
ment shall be taken 

METHODS OF PREVENTING SPREAD OF DISEASE 

All methods for combating and craihrntmg diseases may be 
arranged in two groups — sub;ectivc and objective mctiiods. Well- 
planned public-health programs involve use of methods from 
both groups. 

Subjective Methods. These arc preventive measures applied 
to the patient, or subject of infection, and con"!*! of the general 
procedures by which a person may huild up hi^ resistance but 
especially of the mcthocL- of pre\cntne inoculation and immune 
reactions. Tlicse arc discussed in later chapters 

Objective Methods. Many of Uio ohjccti\c luetluids arc dis- 
cussed at some length in other paragraphs These are the 
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methods which may be applied to factors in one's environment 
such as water disinfection, milk pasteurization, disinfection 
procedures and quarantine, 


quarantine methods 

These methods are perhaps the most important of objective 
methods that may be applied for preventing spread of pathogenic 
bacteria. They involve isolation of infected individuals. Quar. 
antine procedures rest on the same social principles that permit 
us to jail certain members of society and to place others suffering 
from mental ill health in hospitals. It is for the greatest good 
of the greatest number. An early quarantine act was enforced 
in 1403 by Venice; a small island was used as a quarantine station 
and incoming vessels were required to remain there 40 days. 
From this (Fr. quarantaine) arose our modern term. 

Intematfocal or Maritime Quarantine. International quaran- 
tine IS rigidly enforced by the United States of America to prevent 
entrance of certain diseases. Six are so dreaded by sanitarians 
that they arc watched for in international quarantine work; they 
arc smallpox, leprosy, yellow fever, typhus fever, cholera, and 
plague. Persons attempting to enter the United States on a 
vessel from a country where these diseases are epidemic are 
carefully examined. If a case of one of these diseases appears 
on board a vessel, that vessel with its crew and passengers is 
held at a quarantine station until the period of incubation for the 
disease is exceeded. This gives an opportunity for any who have 
been exposed to the disease to become ill. Quarantine procedures 
are well known, but it is advisable to point out that today a 
quarantine officer may know in a short time the incidence of dis- 
ease in a foreign country. Those especially interested 
subject should seek information on tlie United States Bdl o 


neaiin. 

Infectious diseases not included in the previous list are no so 
greatly feared, and consequently cases are allowed to en er e 
United States. They become subject to the laws of the £ a e 

w’hich the port of entry is located. 

Federal or Interstate Quarantine. This type . 

can be enforced only by Federal health officers. 

employed for the control of foot-and-mouth disease 

the interstate shipment of tuberculous cattle, and so on. 
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it is not strictly a matter of quarantine, we may point out that 
Federal bureaus control the water supplies on interstate carriers, 
condemnation of unfit food seized in interstate traffic, and the like. 

State Quarantine. This is enforced by state laws and is 
usually administered by state boards or departments of public 
health. Such state bureaus have jurisdiction only within states, 
and, although there is usually perfect harmony, they are not 
subject to the Federal health bureaus 

Municipal Quarantine. This is enforced by city officers and is 
usually founded on the state quarantine laws It is the type of 
quarantine with which the layman is most familiar It has been 
defined as follows by a committee of eminent health authorities: 

Quarantine' By quarantine u meant the hmitation of freedom or move- 
ment of persons or animab vho have been exposed to communicable 
disease for a period of time equal to the lonycst usual ineubatien period of 
the disease to vhieh they have been exposed 

Detention Camp. The detention camp is used in times of 
military emergency, for instance, to prevent the introduction of 
diseases into large groups of men If troops are moved from an 
area where disease is prevalent to on area wlicrc it is not, they 
may be placed in a detention camp for a period longer than the 
incubation period of the disease. 

Sanitary Cordon. A sanitary cordon is a form of quarantine 
or isolation which is enforced in times of emergency. 

Isolation of the Patient. This is the most direct way of segre- 
gating the infected person Could the sick be absolutely isolated 
until after such time as they c.m excrete pathogenic bacteria, 
disease could be more easily controlled. This term w-as defined 
by a committee of the American Public Health Association as 
follows: 

By isolation* ui meant the separating of persons suffering from a com- 
munieablc disease, or earners of the infecting organism, from other persons, 
ifi such places and under such tonditiona as inlt preienl the direct or 
indirect conveyance of the infectious agent to susceptible persons. 

<In MCw of the variou.1 ombiffuoiM sod inaccurate U'cs to which the 
words t«oiatioQ and <iU3raoliDe ere oot lalreeitieatl} pitl, it h« seemed l>e*t 
to adopt arbitrarily the word isotalioo its dracnbini; the limitation put on 
the mov'ctncnta of the known *irk. or “earner** indit idual, or animal, and the 
word Quarantme as dc^cnbiDR the Iitnilationa put on capoecd or “eontset" 
indinduata. 
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Isolation of the patient is probably the best procedure for 
stamping out infections. If it n-ero rigidly enforced there irould 
be no opportunity for pathogenic bacteria to be disseminated, 
Iloivcver, it seems too diflicuit to isolate a patient absolutely, 
for there are some infections, such as influenza, in which isolation 
in the ordinary sense of the term has not accomplished much. 
The carrier and missed case greatly eompYicatc the situation. 

What has been said about isolation of the patient seems to be 
true also for coininunitica and groups of people, jMarsIiall made 
the following statement about the experience of certain of the 
Fiji Islands during tlie pandemic of influenza in 1918. 


DiirinR this epidemic I was a member of the British medical sendee of 
the colon}' of Fiji. Some lostaoceo of the elTcctivenGsis of isolation against 
infccttotv of commiinuica «-ith iofluenta came umlor my notice it that time 
winch I think n»Rht be of interest, as they confirm the conclusion that "jt 
H quite ea/o to avert th.at por/ccl isolation of on inJividual or group during 
an mfluenaa epidemic constitufci a complete protection against the diacaae 

Aft instance of the clTcctir'cneaj of isolation by moans of quarantiae 
measures occurred in American Samoa, which was under the command of 
un American Naval ofiiccr. The port of entrj' here is Togo Togo. Efficient 
quarantine prevented infection of the inhabitants of American Samoa with 
in/Iucnra. Pago Pago is approtimately CO milca distant from Apia, oTuch 
IS the port of that part of the Samoan group administered by the Govern- 
ment of Now Zealand. Tlius, while the British Samoa was ravaged with 
mfluenia, American Samoa did not 6u0cr from the disease. 

The little island of Botuoiah is located about KO milts north of the 
mam Fiji group. This island escaped infection during the epidemic for 
the reason that it was entirely cut off from communication with the outside 
world. Ordinarily, a schedule of monthly communication among Suva, Fiji, 
and Ilotumah w maintained Dunne the occurrence of laSuears in Suva, 
this schedule was interrupted, and no boat was dispatched to Rotumah for 
a period of 3 months. It was then found that this island had escaped e 


infection. , 

A Tcsourccful planter who hVed and owned a large plantation at a p 
called Taviiini or Vanua Leva, Fiji, kept his district free of jn^«tion oy 
means of an efficient quarantine. Although , Section 

infected heavily, the area which he isolated remained free 
lit IcuE ato Iha peaX uf tbe inaAnce ol infaati^ »f tha ap.to.aW 
been reached. The cases that occurred wibsequently were of on y 


''*'The Makogai Leper Asylum of Fiji also 
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400 persons ; 350 patients with leprosy, .and 50 personnel Until Augii't 
1919, no cases of mflucnii occurred By \irt«p of the eiuarantinc itstne- 
tions which the poicrnment had in force regarding the inland of Mafcogai 
at all times, an efficient quarantine against influenza was carried out ca«il> 
It was necessary to make trips to Leiuka in order to obtain supplies, but 
it was possible during these trips to aioid close contacts Lcmka sufTcred 
heavily from the infection 

Plant Quarantine. Exclusion of plants from a restricted 
district is often enforced for the same reasons that animals arc 
excluded. Plant diseases, like San Jose scale, citrus scale, have 
spread over the United States. Plant quarantine lias been made 
necessary by the insects which they may frequently carry. 

How Disease Bacteria Leave the Body of the Patient. For 
a sick person to communicate disease to another, tlie microorgan- 
isms causing las illness muat leave his body m some w ay 

From the }touth. The mouth with its saliva makes a fertile 
soil for different bacteria There arc some which cause diseases 
m the mouth If such diseases c\»sl, bacteria may be easily 
excreted in discharges from the mouth The spitting linbit is 
not only disgusting but also a possible source of infection This 
has been recognized for a long time in tuberculosis Persons 
afflicted with tlic disease arc instructed very early m tlic care of 
their sputum Couglimg, sneezing, or even ordinary speaking 
cause many bacteria to be expelled from the moutli Winslow 
found that speaking caused bacteria to be expelled from the 
mouth for a considerable distance. 

In the SiooU. The cxcrclum from the alimentary tract is 
especially important in certain diseases such as typhoid fever 
and dysentery. This may reach a water course supplying 
untreated w ater to a community, or it may reach foods by means 
of soiled liands to gi'c rise to a carncr-iiomc outbreak of di-ca'c 
such ns those discu'scd m a former chapter. WJicn epidemio- 
logical investigations suggest a earner ns the cau^e of an undue 
amount o! disease m a loralily, search starts with cx.aminntion 
of feces from tho«c "ho arc handling food. Ue?ide.s the di«ca“C'» 
in the group previously inmtioneil, there arc otlicrs the etinlogic 
agents of "hich reach the feces foinculiat indirectly. Thus 
tuberculosis bacteria may reach the feces by being sw.iIloucd 
in sputum. 

In the Unne. Certain pathogenic bacteria such as KbertheUn 
tijphoKa may l>o excreted in the urine. In the search for typlioid 
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carriers both stools and urine have caused confusion in the 
solution of carrier-caused typhoid fever epidemics. Tubercle 
bacilli may also be excreted in the urine. The bacteriological 
examination of urine is often made inaccurate by faulty methods 
of collecting the sample. Sterile catheters should be used, and 
every attempt should be made to prevent the ingress of extrane- 
ous bacteria. 

In the Nasal Excretion, The nasal excretion would, of course, 
be significant in the respiratory diseases. 

In the Milk. JRcsearch has indicated that milk of animals may 
contain pathogenic bacteria. Much work has been done with 
milk from animals, but from published reports wc may conclude 
that the human mother may also excrete pathogenic bacteria in 
her milk. In one report Eberthella typhosa appeared in the milk 
of a woman on the llth day of the disease. The nursling, aged 
25 days, died of typhoid fever two weeks later. In another case, 
coliform bacteria were found in the milk of a woman who suffered 
from sudden fever and digestive disturbances, An extensive 
study of the bacteriology of human milk was conducted on 100 
women in London. Of the specimens 49 per cent showed slreplo- 
cocci, only 2 per cent of which indicated pathological conditions 
in the breast. In several cases Escherichia coli was isolated. 
Normal human milk, it was said, might contain Staphylococcus 
aureus, Staphylococcus albus, Streptococci, and Escherichia coh. 
Such data indicate that human milk, like cow’s milk, is not sterile 
when excreted but may contain bacteria. Human milk, there* 
fore, may be responsible for infections in infants. 


EPIDEMIOLOGY OF DISEASE 

This has become a significant branch ol the fields of medieme 
and public health. Although the term epidemiology means the 
science of epidemic disease, it has acquired a more general 
ing to include information on the prevalence as well as methods 
of dissemination of any disease whether it is epidemic or no ^ 
Related are vital statistics of births, deaths, marriages, ' 

ence of diseases in a city, sUte, or nation. Vital records 
carefully kept by authorities designated for that 
individual's interest in this subject could well start with pos- . 
of a copy of his own birth certificate. 
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CHAPTER 27 

FACTORS INFLUENCING INFECTION 

Microorganisms which cause infections in animal organisms are 
called pathogens. Sharp linos cannot be drawn between patho- 
gens and nonpathogens. Some of the commonest saprophytes 
such as Bacillus suhtHis anti Serratia marccsccns, ordinarily non- 
pathogenic, have been isolated from infections in which they 
seemed to have been the ctiologic agent. Two opposing forces 
arc involved in infection, the host and the infecting agent. It is 
impossible to separate them, and one is largely measured in 
terms of the other. A weak susceptible host would allow the 
mhcting agent or parasite to appear aggressive and virulent. 
An excessively virulent parasite would suggest a weak susceptible 
host. 

FACTORS INFLUENCING RESISTANCE OF THE HOST 
These are in many respects quite general, and are those which 
are concerned in healthful living. In addition to those mentioned 
in the following paragraphs arc others which are related to tissue 
structure and chemical properties of body fluids. 

fferedity. It is not surprising that many believe infectious 
disease to bo inherited. Spread of disease in a family would, at 
first thought, lend support to the belief. However, such disease 
is now best explained by contact. Members of a family ha’v'e 
many opportunities for contact infection Some of the disagree- 
ments in opinions over the influence of heredity on disease is 
perhaps due to different definitions of some of the terms. ^ 
redity probably has something to do with susceptibi ity an 
resistance to disease. Davenport* has explained it on to sa 
basis as oilier inheritable characteristics. He stated, 
appears that in inheritance of our traits and, among o ler , 

1 C. B. Davenport, Heredity and Disease, /. Am. Assoc.. 87 (1926). 
C64-7. 
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inheritance of those somatic conditions which permit the develop- 
ment of disease, we arc to a large extent what our chromosomes 
make us ” 

Age. Some diseases also show age incidence Such diseases 
as mumps, chicken pox, and measles are more commonly diseases 
of childhood; others such as heart disease and cancer are diseases 
of old age. Sharp lines of demarcation cannot be drawn when 
one is considering characteristics and functions of living organ- 
isms, and they will not be drawn here It is known, for instance, 
that older people infrequently have some of the diseases of 
childhood. 

Mental State. This is another remote, but often important, 
factor influencing disease. It probably docs not influence greatly 
the course of an infection unless it prompts one to neglect it; 
death may follow under such conditions more quickly. Psychic 
therapy probably has a place in present-day medicine, but it is 
to be distinguished from m.any other terms and practices that may 
be confused with it 

Occupation. Diseases nhtch arc directly due to trades or 
professions are spoken of as occupational diseases. They arc 
often so serious that many states have bureaus empowered by 
law to study them. Such diseases include lead poisoning, cer- 
tain types of pneumonia, and furunculosis due to contaminated 
cutting oils. They arc also called vocational diseases. 

Housing Conditions. This is perhaps a more indefinite factor 
influencing infection. Ilcsistancc to disease which an individual 
possesses IS lowered by overcrowding in homes Crowded living 
conditions cause close contact which give best conditions for 
spreading infectious material. Tlic influence of living condi- 
tions has received much study m tuberculosis, a disease uhich 
has reaped vengeance on homes in the crowded tenements. 
Although the tenements in Large cities are easily connected i>ith 
tuberculosis and kindred disca«es, it is not so easy to admit that 
housing conditions m rural sections may also have significance. 
Yet such is the ca-e, if the account reported by Palmer* indicate^ 
the situation Tins is u terrible tale of tubcrculo-is in a hou'e 
in tlic outskirts of a rural community in Illinois. Porlnp« the 
story has been overdrawn Imt there may \w enough foundation 

- Geo T Palmfr, Tlir .‘^tory of a Counto* Hou"’. //. nlih .\fir%, 

1 (1015).C»-71 
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in fact to stimulate our co-operation in all efforts to reduce and 
eliminate bad housing. 

Bad housing includes overcrowding which leads to increased 
infection with respiratory diseases. It also involves greater 
infestation with rats and insects which lead to diseases spread 
by them. In fact all diseases, those from insect-borne contact, 
and those due to malnutrition, are increased by substandard 
housing. Individuals who arc forced to live in such homes will 
always be a focus of infection for those who liv'e in the best homes. 

Temperature, Temperature of the environment may also 
indirectly influence disease incidence and immunity reaction. 
Vaughan, for many years dean of medicine at the University of 
Michigan, in his interesting volume, “A Doctor's Memories,” 
stated his belief tlial the higli temperatures of the middle western 
states in summer and fall greatly increased the incidence of 
"bloody dysentery,” a very common infection 40 or 50 years ago. 
Winslow and !\is colleagues also found that temperatures of 84*F. 
to SO'T. caused distinct decrease in the rate of hemolysin forma- 
tion on the part of animals. If these observations with hemolysin 
formation represent the situation for the other immune bodies, 
we have a more rational explanation of the detrimcatal effects of 
higher temperatures. 

Closely related to temperature is the seasonal incidence of 
disease. Respiratory infections arc more common in the late fall 
and winter. Typhoid fever is a later summer-fall infection. 

Fatigue. The relation of fatigue to disease has became more 
and more apparent as investigations have been carried out. This 
factor in disease W’as discussed as foliows in the Journal of the 
American Medical Associafton (Vol. 86, 1920, page 753) : 


Alfhough fatigue is a phenomcDOQ that every persoa recognizes lea V 
ia a sub/ecrtive tray, physiofogta’ts st/K are stnigghag with the ® 
interpretation of its nature. One may read of the alleged accumuia loa o 
“fatigue suhstaaccs," aotabty la the musetes, and of ^ . 

products of overwork that are not ordinarily present in the oo , 
a well-founded iheoo’ of the nature of fatigue remains to be fortnu a ■ 
is known that prolonged mnsnilar acUnty, and 

under the Mumce o! o lessmeii supply o' oOT™. “'“y suLtaaees. 

of unusual uuanW,ea of lacho ae.d, .moug 

These can e^ert noticeable changes on ^'a^ou8 bod' > .. 

the hearto., and the ,™.ah.hty ot « » 
mere statement of euch demonstrable effects, howeicr, g 
imisht into the far-reaching conseqnenera that may he inra 
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One of the “antidotes” to fatigue la nst, irhich affords an opportunity 
for recuperation. There w a Widespread belief that rc'i-tance to infection 
19 promoted by bodily rc.«t, and a common method of eomfiatmj; it con-sjsts 
in promoting rest A recent wnler has c\cn rcierred to the doctrine that 
the pam of injuries is beneficial because it »ccrtrc^ local rc't, which promotes 
healing; and he suggests that it may rea.'Onab1y l>c extended to the general 
malaise of infection.9 It might be assumed as a possible torollary of this 
that fatigue conduces to susceptibility to infection Kvpcnmcnts to test 
this hypothesis haio not been entirely lacking Abbott and Cililcrsleove.s 
observing that amm.aU fatigued by running exhibit a depre^ion of the 
opsonic index, concluded that they must have a greater «UJcop(ibihty to 
bacterial infection. The experiments of Spaeth at Johai Hopkins Univer- 
sity lent no support to such a coneltiaion On the other hand, ob-craations 
of Boycott and Pnce-Joncs at the University College Ilopikal Medical 
School, London, reopen the entire question Tlie> denion-iratc that under 
certain circumstances fatigue does promote infection A!t-inela*ive state- 
ments should not be made Thus, an amount of excrei-c euflicicntly sea ere 
to delay substantially the norm'll incrtx^c of weight of growing animals 
did not break down their naluml rc'.L^tancc to tl!bcrclllcl^l» The feature 
deseri iag of emphasis at this time w the nccc.>M«v of more exact information 
on a large xanety of specific features of pte'ible interrclatiotw between 
fatigue end dt8ca«c At a perioil when industrial efficiency and the hcMidy 
welfare of the worker is a prominent topic of serious diTUvion, the bearing 
of the possible relation of fatigue on the cau-aiion and ihc prexcntion of 
iBfectioua di<ca.<cs m indu'triil work w su/licicntly obuou^ Lrc* has, 
indeed, pointed out that the idcDtification and treatment of iDdu«trial dli>- 
cases and the appreciation of lodiiotml hazards to health and uijj of 
PTC\ eating them ore parU of the general modern recognition of the impor* 
tance of the indnidu.al and the duties of society toward him Here, Leo 
addi, the pht-icun, the philanthropist and the legislator haxe worked in 
helpful partnership 

Plant pathologists ha\c ol-o reported ob'crxalions which bear on ihn 
di^cuvion They haxc found that, if plants which ore wrakcneil, are 
sprajed with spores of an orgam-m winch t« pathogenic for them, thr^ wdt 
bo more quickly infectcil, onrmii heiltUy plant* sprayed at the Fame time 
will not succumb but will remain heallliy 

Malnutrition. Undernounshwent and an ill-balanccd diet arc 
predisposing factors in infection. This condition includes diOt'i 
whicli arc dcfieicnl m certain chemical constituents Imt fspccialfy 
those x\hich arc deficient m accessory rubstanocs rcllagrn is 

» Abbott and r.ildcr«l<w>e, Tlie Influenee of Muvrutar Fatigu" anil of 
Alcohol on Certain of the Normal Dcfeivws, t'nif /'«nn. Med Kutl 23, 
1910. m 

S l.ec. The Human Mathine, l^ongmans, Gricn, New York, 191s 
Fatigue and KrsL'tanee lo Direa-ir, Cilrtonal, J 't'W Med Attex , 79 (Ikv 
23, 1922), 21C5 
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a goad example of a disease caused by deficient diets. Pellagra- 
preventive diets include fresh milk, green vegetables, and ade- 
quate protein. It is now well established that diets which are 
deficient in vitamins not only cause the **dcficicncy diseases” but 
so reduce tlic vitality and resistance that an individual is rendered 
more susceptible to the “communicable diseases." When the 
vitality is lowered by diets which are deficient in accessory sub- 
stances, the body is unable to resist the inroads of pathogenic 
bacteria. 

Relation of malnutrition to disease prevalence should not be 
thought of only with respect to vitamins. Other dietetic factors 
are also important because they contribute to good health. Addi- 
tion of milk to the diet has been observed to increased resistance 
of mice to products of bacteria. This has not been considered to 
be due to vitamins. 

Starvation has a definite role in determining disease incidence. 
Animals on starvation diets have shown decreased resistance to 
infection, and obscn’ations during famines confirm it. 

In sharp contrast to what has been just mentioned, a deficiency 
of certain vitamins in the diet increases the normal resistance of 
mice to inoculation of certain viruses. This has been discussed 
as malnutrition immunity. Adequate explanations have not been 
developed to explain the apparent paradox of malnutrition 
immunity to virus diseases and hypersusceptibility to bacteria! 
infections. This is a subject which will probably be studied more 
in the near future, 

Avita7ninosis Lack of the necessary so-called accessory sub- 
stances, vitamins, in the diet has also been shown to be a 
predisposing factor in disease and illness. In general, it may e 
stated that vitamin-deficient diets so reduce the vitality o an 
individual that he may be more susceptible to the attac 's o 
bacteria. A worker, using rats, pigeons, rabbits, and bac cri 
causing disease in these animals, was able to observe more 
sistently lowered resistance among tlie animals on a ^ 
diet than among the controls on a normal diet Six ra s s 
ing from lack of vitamin A and six normal coiitrol rj 
injected intraperitoneally witli BacHlui anihracis- 
test rats died, whereas the control animals noticed 

his colleagues confirmed these observations. 
marked decrease in blood platelets among rats fed on vi 
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deficient diets. They believed that resistance to infection \\as 
related in some manner to platelet content of blood Although one 
may not \Yish to accept all of the statements m publications on this 
subject, sufficient evidence exists for one to consider avitaminosis 
as an important predisposing factor m infection An invcstiga* 
tion has suggested a close relationship between production of 
rickets and susceptibility to tuberculosis The white rat is 
very susceptible to rickets and quite resistant to tuberculosis. 
Consequently, Grant fed young rats on rations adequate with 
the exception of calcium and the antirachitic factor Rickets 
appeared more readily m cloudy weather than m bright weather. 
Such animals injected with ,Uj/co6acfcntim tubcrculosts were 
easily infected. These experiments seemed to have been suffi- 
ciently controlled and indicate that an apparently simple dietary 
deficiency may loner the resistance to infections. Rickets is a 
common disease, and such experiments give it added significance. 

EXTERNAL DEFENSES 

Nature has given man certain external defenses which are 
quite important in preventing infections. 

The Skin. The skin may be considered an impassable barrier 
to infecting organisms nhich may lodge on it As long as the 
skin is not broken these organisms cannot enter. It is not diffi* 
cult to isolate from the surface of the body streptococci which 
are pathogenic when introduced into the blood. In the mouth 
are frequently found such pathogenic bacteria ns Meningococci 
and Pneumococci. These bacteria arc unable to produce infec- 
tions until they can enter the body. 

In addition to its role as a mechanical barrier against patho- 
genic bacteria, the skin also exerts o definitclj’ destructive action 
on bacteria which lodge on it. Various investigators have reported 
that the skin is quite germicidal to “transient” species which 
reach it but not quite so for the normal “resident? " It has nl«o 
been ob«er\'ed that the gcrmiridal aetion of clean skin is much 
superior to that of dirty skin 

Furunculoses (Boils, Pimples, Carbuncles, etc.). These are 
common infection'^ of the skin quite often looked on a? minor 
matters; they may posses* serious consequences. Many theories 
have been proposed to show origin of boil* One held c\ cn ttxlay 

'■ ’ boil 
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was looked on as an attempt on nature's part to get rid of this 
poison. In order to assist nature, a poultice was applied which, 
it was said, would draw out the poison. Such a practice often 
resulted in the appearance of several other boils about the original 
one. This was desired and caused no worrj'. It was said that 
the poultice was drawing out more poison and that consequently 
more boils were necessary'. At the same time that such a treat- 
ment was applied, the patient was giv'cn medicine to "purify" 
the blood 

A sounder more rational e.vpIanation now e.vplains boils. Today 
they arc recognized as an infection. Pathogenic bacteria lodge 
on the skin and, if an abrasion is made, penetrate to establish a 
focus which wc know as a boil. Such information indicates that 
better methods for treating boils should be used than the older 
methods just described. If boils arc due to infections, great care 
should be used to prevent bacteria from the first boil infecting 
adjacent portions of the skin to cause more foci of infection. 
Poultices arc not conducive to this end since they cause the matter 
extruded from a boU to be spread about adjacent portions of the 
skin. Boils should bo opened by a physician, and a safe disinfect- 
ant should be applied about the boil to destroy bacteria. The 
appearance of boils one after another, or the spreading of one 
boil over a restricted area, indicates the lack of adequate 


disinfection. 

External Defenses of the Alimentary Tract. The alimentaiy 
tract has secretions which may exert detrimental action on some 
pathogenic microorganisms. The saliva has been studied in this 
respect, and, although one investigator could obser\’e a decrease 
in the number of cells exposed to its action, the saliva cannot be 


looked on as a potent factor in disease prevention. 

The gastric juice in the stomach has received more stu y. 
Some WTiters state that gastric juice is very germicidal. Ot ers 
very* wisely make more cautious statements. Some of the ear y 
work on this subject was carried out by Spallantani, '^ho 
gastric juice by swallowing small sponges with strings at ac e • 
After the sponges had been in the stomach Jong enough o 
absorbed gastric juice, they were dra'am out, and the juice w ^ 
e.xpressed. \Micn this gastric juice was rubbed over mM 
meat did not undergo rapid putrefaction. and 

in investigations of the etiology' of cholera, Pe 
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Emmerich drank some water to which living cholera microorgan- 
isms bad been added. One added sodium bicarbonate, which 
neutralized the gastric Juice, allowing the cholera organisms 
to pass through the stomach unharmed. A severe case of cholera 
resulted. 

Although some observations indicate that the gastric juice is 
germicidal, others seem to refute it. The etiologic agents of 
several common diseases arc known to be ingested at times in 
food and drink; since they produce diseases nhich are in the 
intestines, it is obvious that they have sur\'ived action of gastric 
juice. They may escape the action of the gastric juice by passing 
through the stomach imbedded in food particles or in water which 
not only dilutes the gastric juice but also passes through the 
stomach quickly. 

The bile is germicidal for some bacteria. This is borne out in 
reports of many investigators nho have studied selective action 
of bile on bacteria It has been known for some time that 
immediately below the point where the bile is poured into the 
intestines a pure culture of Esehcnchia coli exists This would 
indicate that bile had an antagonistic action on other bacteria 
but either no miubitor}' action or an accelerating cfTcct on 
Escherichia ccU. 

CHARACTERISTICS OF INFECTING AGENT INVOLVED 
IN INFECTIONS 

The course of infection depench un the characteristics of the 
parasite or infecting agent. Tlic sum total of them give the 
bacterium its aggressive poiicr to combat the ho«t. 

Vindenee or Injcctiosily. Just ns with the factor of **rc«istaneo 
of the ho-t,” this u a diflicult characteristic to mea'urc. Virulence 
of a bacterium is measured by inoculating some susceptible 
animal or plant. Tlic grade of virulence, then, is really subject 
to tlic gra<ie of resistance which the experimental animal h.is. 
Like in.iny other characteri-tics, virulence is not permanent but 
v.mes and, in reality, a very un'ati«fartory characteristic to 
rnca«urc M-any data show that microorpnn:«m5 vary greatly in 
virulence Tin* c]i.sr.actrn*tic is subject to many condition* 
under whieii the organi-m is rulturtxl. It may be purpo-rly 
reilueed or ru-cil by ctrtain method.* of culture Cultures of 
some pathogenic bacteria become rapidly ilcvitaliicd by con- 
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tinuecl propagation in the laboratory. Such an organism is 
Bacillus anthracis. Animal passage is often used for strength- 
ening the activity of on organism. Variation in virulence has 
caused the introduction of polyvalent bacterins discussed later. 

Number oj Cells. Tim also is another factor on ivhich it is 
difficult to secure specific experimental data. “How many cells 
arc necessary to produce infection?" Unfortunately, this cannot 
be easily ansu’crcd. Here again, resistance of the host has to be 
considered. It is quite conceivable that for one host one cell 
might cause disease; for another 300 cells might not. Probably 
every individual is able to tolerate a certain number of cells of 
average viru/cnce; a heavy iaoculation or massive dose would, 
however, cause disease despite rosist.ance or immunity, even 
though it bo raised by inoculation procedures. Thus, to a certain 
extent, disease depends on the same factors as poisoning. 

Avenue of Infection. Much depends on this factor. Some 
microorganisms arc significant only when infrodured by one 
avenue. Others cause severe results by one avenue but very 
light infections fay others. This may be nicely demonstrated m 
the laboratory with Staphylococcus aureus. When a virulent 
strain is injected into the blood stream of a rabbit, a fatal 
septicemia issues; however, a subcutnneous injection usually 
causes only a local infection which suppurates and finally heals. 
Another illustration is tetanus. Probably the spores of Clos- 
tridium tetani are frequently eaten; they cause no harm in the 
intestinal tract, but, when they enter the blood stream, a terrible 


toxemia results. 

The Alimentary Tract. Many materials taken into the 
alimentary tract are not sterile. When such foods and drinks 
contain harmful bacteria, and when these are able to pass throug 
the stomach, disease may result. That the alimentar)' tract is 
an important avenue of infection is indicated by the preva ence 


of intestinal infections. 

The Lungs. Infected dust particles may produce infections m 
the lungs The best-known lung infections are pneumonia sm 
tuberculosis. Nature has provided agents in the 
tract to help protect the lungs from infection, but these at t 


may be inadequate. . 

The Skin. The skin is an impassable covering when it 
abrasions through nhich bacteria may enter underlying 
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the blood stream. These abrasions do not have to be large; 
even the smallest may allow the entrance of bacteria causing 
serious infections. These organisms may also reach the hair 
follicles and establish a focus of infection. 

The mucous membranes which line the urinarj*, alimentary, 
and respirator}’ tracts arc also said to possess germicidal proper- 
ties which prevent infection If such a property exists, it may 
be due either to a germicidal action of the mucus or to a 
mechanical wearing away of this membrane. However, there 
are many observations which suggest that the protective action 
of the mucosa may be overemphasised. Certain bacteria must 
be able to penetrate it and cause disease. Gonorrhea probably 
results from the penetration of the mucosa by the Gonococcus. 
There arc numerous reports in medical literature indicating that 
the virus of smallpox may also penetrate the mucosa. Individuals 
have been accidentally vaccinated in the eyes, nostrils, and so on. 
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CHAPTER 28 

MODES OF BACTERIAL ACTIOR 

Pure and Single Infections. Sing/c infections are caused by 
one species of microorganism or of parasite. Such infections are 
often local in character. Infection of the urinary tract by 
Escherichia coU is usually a pure infection. Other inketwns that 
are pure infections are cerebrospinal meningitis, anthrax, and 
furunculosis fboils). Typhoid fever may be o pure or single 
infection. 

Mixed Infections. A mixed infection is one in which two or 
more species of parasites are concerned. Such infections arc 
much more common on the exposed surfaces of the body where 
various organisms may enter. Much confusion has occurred in 
the study of some diseases by the investigators reporting one of 
the contaminating microorganisms to be the etiologic agent. 
Many infections which arc pure single infections in some stages 
arc mi.xed infections in other stages. Very often entrance o! a 
pathogenic microorganism may stimuhto transhrmatm of 
bacteria normally present into parasites; this complicates the 
situation as far as treatment is concerned. 

Much evidence shows that one organism not necessarily very 
pathogenic may pave the way for a second one. Large typhoid 
fever epidemics are often preceded by many diarrheal cases. 
Kendall has stated that mild catarrhal inflammations often pre- 
cede epidemics of cerebrospinal roeniogitis. It is also Jcdo^t] 
that outbreaks of diarrhea frcQucntly precede typhoid epidemics 
Kendall divided bacteria W’hich incite human infections into two 
groups, sporadic infcctants or “opportunists” and those which 
cause disease progressive from man to man The former, e 
opportunists, Jive normaily on mueous membranes, in channe » 
or cavities opening freely to the surface of the body, for ^ 
may be regarded as surface growm. They ore unable to pene- 
trate to underlying tissue and have to wait for injury. ^ on 
they may cause severe infections but not ordinarily cpi cmica- 
512 
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The second group, few in number, includes those bacteria 
decidedly inimical to man They are tissue growers and are 
typical pathogenic forms. Unlike the "opportunists,” they do 
not have to wait for injury but ore aggressive enough in them- 
selves to gain entrance. 

MODES OF BACTERIAL ACTION 

One often hears the question, "How do bacteria cause disease?” 
A general answer cannot be given. It depends on the organism, 
the avenue of entrance, the experimental animal or patient, and 
other factors. 

Muir and Ritchie in their "Manual of Bacteriology'" have 
answered the question by stating that there arc two main factors 
involved; (al Multiplication of living organisms after they have 
entered the body, and (b) production by them of poisons which 
may act on tissue Tlie former phenomenon has been given some 
consideration in another place, and the latter, involved in 
intoxication, is discusscd below. 

Incubation Period. The term incubation comes from the Latin 
verb "mcubarc” nluch means "to hatch out.” Its use in bac- 
tcriologj' and medicine to indicate that period between infection 
and appearance of symptoms is of very early origin. The "incu- 
bation period” then is the time between entrance of the parasite, 
whatever il may bo, and development of clinical manifestation. 
In some di4ca«c4 such a diphtheria and scarlet fever in which the 
symptoms are due to into\ication, the incubation period is 
ocpupinl with clalxiratinn of sufTicjont toxin to produce symptoms. 
In other <li'ca«cs, it may be occupietl with development of suffi- 
cient mimbcr-. nf cell* rrcci«c statements about length of 
incubation pcrnnls m various di'ca^s may not be made, but 
general statements arc made. 

BACTERIAL TOXINS 

ToMn« arc poi«on« formcil by living cell«. They arc not 
Itmitrti to l)aclcnal cel!*, fur pnMluction of poi*Dnou« substance* 
i< a wjd«-prcad chnrnctcn«tic among many form« of life. The 
<ludcni will find it profitable to review the subject of cntvmcs 
-incc much of the information on cnijincs may l)c applied to 
toxin* 
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Not much is known about the purpose of toxin in the iife of 
the organism which forms it. Different explanations may be 
offered. To.xins may be products of excretion uhich happen to 
be poisonous to otlier forms. Tliey may be formed by the ceJI 
as protective agents, or tiioy may be the result of the action of 
tiic microorganism on the medium. 

Toxin Formation by Other Species. Several different species 
of animais and plants form toxins, poisonous substances. The 
bites of spiders have been said to cause serious illness. Lathro- 
dectes inactans has been caifed the most poisonous species in the 
United States. Certain jellyfishes arc venomous. A coelen- 
tcrate known as ‘'Portuguese m.an-0“War” (Physalia) causes 
pronounced symptoms of illness following the sting. Snakes are, 
perhaps, the best-known animals that produce poisons, although 
much of our knowledge about them docs not rest on sound 
observations. Rattlesnakes arc poisonous American species. 
A^ipers are also known to be poisonous. Snake venoms are not 
unlike bacterial toxins. They stimulate production of antito.vins 
when injected into an animal, and antitoxins (antitoxic seraj 
may bo used for treatment of other cases of snake bite. 

Considerable similarity exists among poisons or toxins pro- 
duced by different forms of life such as bee venom, serpent venom, 
and baeferiaJ toxins. Results of investigations at the University 
of Berlin show that bee venom, crotalin (rattlesnake poison), aod 
cobra venom arc all protein substances. 

Plants also form poisons. The poisonous constituent of toad- 
stools has been studied by Ford who reported some properties like 
those of bacterial toxins. The castor bean has been shown to 


contain a virulent poison, ricin. 

Kinds of Toxins. IVhen enzymes were discussed, it was con- 
venient to separate them into two groups, depending on whether 
they acted inside or outside the celL The same separation may 
be made for the toxins, giving a group known as cxtroce u ctr 
(exotoxins) or soluble toxins, and another group kno^n 
cellular or insoluble toxins (endotoxins). 

useful because it helps us understand the relation o ... 
bacteria to disease, differences between the methods of active 
and passive immunity, and so on. the 

Extracellular or exotoxins are those which soinw'hat 

cell w'alls and appear in the medium. They a«, the , 
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more comparable to snake venoms than the intracellular or 
endotoxins. Once these exotoxins are excreted from the cell, they 
are free and have no more to do with it. 

Bactena-producing soluble toxins, or exotoxms, \Yitb the dis- 
eases produced arc 

Name of Org<n’ism 
Clostndtum hotulimim 
Cloilndtum Iclam 
Corynebactenvm diphthertae 
SlTCplococcus searlnlinac 
Cloatndium uelchu 


DisE.\aG Prodvced 
Botulism 

Tetanus (lockjaw) 
Diphtheria 
Scarlet fever 
Cas gangrene 


Existence of exotoxins may be easily demonstrated in the 
laboratorj’ If any of the bacteria just mentioned arc grown in a 
suitable fluid medium, potent toxins are formed and appear in 
the medium apart from the cells which formed them. Toxin may 
be separated from hactcnal cells by filtration through a sterile 
Bcrkcfcld or other type of filler. Bacterial cells arc retained on 
the filter but toxins pa<»3 through into the filtrate. Presence of 
t«\m m the filtrate may be proved by injection into susceptible 
animals. 

Intracellular or endotoxins arc bound in some way to the cell 
They arc not excreted through the cell wall. Consequently, to 
secure such toxins tlic cells must be ground and the suspension 
filtered through a sterile porous filter. The toxin appears in 
the filtrate in which there should be no living cells. 

Bactcria-fnrming insoluble toxins or endotoxins, with the dis- 
eases produced arc as follows: 


Name or OncvM«M 
EbfrlfirHn typhota 
f^lmoncUn pnralyphi 
r»ifn<7 comma 
VafltureUa prift* 

dvirntenae 


DIACASE PROSfCtO 
TjThoM fpvcr 
Paratyphoid fever 
Cholera 
ruguo 

D}-«caifry (biejlUo’) 


CharacterlsUcs of Toxins and Toxin Reactions. Characteri«- 
tirs cif toxins are not unlike those of ensjTnco. They may lie 
diviilcd into two prfnip« a« ore enzyme* 

J Tonn* arc formtd by hvfng eclh Toxin* have never hern 
«ynt!ic«ize(l by biochemi«ts Tliey arc m.itle only by living cell* 
Could their chemical con«titution be dctcrminctl. it might lie 
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possible to understand better those ajents used for (rcatine 
intoxications, aniitorins. 

2. Toxins and toxin reQclions are specific, Bnch toxin has 
special affinity /or certain body parts. Spcci6city is, perhaps, 
their best-known characteristic and is especially apparent in their 
reactions with antitoxins. There is special affinity between ffiph- 
fheria toxin and diphtheria antitoxin. Antito.vin neutrafa or 
inactivates toxin. However, diphtheria antitoxin has no affinity 
/or tetanus to.\-in. This specificity is useful in the treatment 0/ 
disease and also in the identification of unknown bacteria which 
arc toxin fornicrs. Toxin formed in syphilis shows its effect in 
two ways. It may attack the different conducting portions of the 
spinal cord to produce locomotor ataxia, or it may attack certain 
portions of the brain to cause paralysis and insanity. The toxin 
formed by Clostridium tetani shows special attraction for certain 
neurones. 


5. Toxins ore active in minute quantities. This characteristic 
is exceptionally interesting. Before one can secure information 
on this question, it is necessary to control as many variable fac- 
tors as possible. This is often difficult to do. However, enough 
data arc available to indicate that toxins arc active in verj’ verj' 
small amounts. The data are also greatly influenced by the 
method of administration of toxin as aeli as the size of the 
animal. The two toxins which have received most study in this 


respect arc those of Clostridium tetani and Clostridium hotulinum. 
Van Ermcngcra, who isolated the fatter of these organisms, cal- 
culated, on the basis of the dose fatal for a rabbit, that Yso 
milligram of dried toxin would be fatal to a TO-kilogram man, 
if injected subcutaneously. Bricger and Cohn estimated that i 
0,000 000 05 gram of their strongest tetanus toxin was fatal to 
a mouse wxighing 15 grams, the fatal dose for a 70-kUograra man 
would be 0.00023 gram, or about one fourth of a 
Bengtson, working with the toxin of Clostridium botulinum, st&ie 
that the strongest toxin which was produced was for the yp - 
strain, the fatal dose of xs'faich for a 250>gram gumea pig 

0.000000 03 gram. On this basis, she computed the , 

lor a VO-kilogram mm to be 0.0000084 gram. As 
out, the toxin of Clostridium^ bMinum seems to be more po 
ous than the toxin of Clostridium tetani. 


J Quoted from Bengtson. 
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4 . Toxin reactions arc reversible. When toxin unites with 
antitoxin, a compound is formed which, stable under ordinarj* 
circumstances, is capable of breaking up under certain other 
conditions 

5 Toxins stimulate formation of antitoxins. This chamctcris- 
tic mil receive extended discussion later on. It is a very impor- 
tant characteristic. The fad that each toxin is able to stimulate 
formation of specific antitoxin is used as the basis for certain 
practices in therapeutics. 

6 Toxins possess eerfatn properties of living cells. Like 
enzymes, toxins have some properties of hving cells. Toxin:* arc 
thcrmolabilc— destroyed by high temperatures 

7. In developing their effects, a period of incubation is 
required A certain period of time seems to be required before 
the ceils in tlic body of the host arc sulficicntly poisoned to 
show symptoms of illness. This depends largely on the strength 
or potency of the toxins, as well as on the amount nhich the 
person receives. 

5, Toxin reactions m the host usualli/ set up eharaeterutic 
symptoms. Fever is one of the most common^ there arc many 
of tlicse, such ns general malals'c and wasting away. 

Constituents of Toxins. The term toxin is a general one which 
includes all of the untoward properties of toxic filtrates. As 
information has increased, this agent has been divided into 
several p.arts. For instance, Ehrheh announced tao constituents 
in toxin formed by Clostridium fclam'. One he called fefano- 
yposwm— the portion nhicli acted on the nerves yielding the 
symptoms for which tetanus is known; the other Ictnnoli/sin, 
wlijclj destroyed tlic red blowl corpuscles, rctonoiposmm was 
easily destroyed by heat; fcfonolysm was more resistant Not 
all bacterial toxins have been broken up into such constituents. 
Till’ cxi'tence of the«e constituents in toxin might, at lc3«t, explain 
some of the xnnations m symptom-* 

Ah-rnceof information about thcstnicture of toxin* has cau«cd 
bactenoU>ci®t* to re<orl to graphic method* of depicting their 
active components, riirlieh, trained in organic ehemi'trj’, sug- 
gr«to<i the illu'tration in Fig 12.> lie depicted the toxin 
moleculr .a* a bixly with two functioning part*, a hopfopficrc 
group and a toxopfsare group. Tlic haptophorc group ?cr\’c<l to 
bind or anchor the toxin molecule to a IkhI)' cell, after whicli the 
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loNophorc portion functioned to poison the celi. This illustration 
has done nmcJ) toward making the understanding of the action 
of toxins intelligible. For instance, it is known lliat some toxin 
preparations Jose their ability to poison cells but still retain their 
ability to unite with or bind antitoxin. This means that the 
toxin molecule has been altered in such 

K a manner as to destroy its toxophore 
— Toxophore whereas the haptophore group 

has remained intact. Such a toxin 
molecule, the toxophore group of which 
has been destroyed, is known as toxoid. 
Ehrlich's theories are not accepted by 
all bacteriologists. These controversies 
need not worry the student who is start- 
ing the study of bacteriology. 

BACTERIAL HEMOLYSINS 
These are agents which destroy red 
blood cells and arc probably to be dis- 
tinguished from hemolysins which result 
from immune reactions in animal bodies 
resulting from injection of red corpuscles 
of another species of animal. The for- 
mer are bacterial hemolysins while the 
latter arc immune hemolysins. Bacterial hemolysins are formed 
by bacteria, while immune hemolysins arc formed by the infected 
animal, or host, as a defense mechanism. 

Since bacterial hemolysins are formed by bacteria, they usually 
arc named from them, ns staphylolysin, streptolysin, or the gen- 
eral name bactcriolysin is used. 

Bacterial hemolysins are both filterable and thermolabile 
(destroyed by heat). Either they are not specific for particular 
red blood cells, or more than one is formed, because hemolysins o 
some bacteria will destroy red blood cells from tw’o anima » 
whereas those of another wiil destroy them from only one aniroa . 
They are probably protein in nature because they are antigenic. 

Blood agar plates are used to show bacterial hemoJjsjns y 
bacteria. Two types of hemolysins arc shown, o-bemo ysis an 
B-hemolysis. 



Haptophore 

group 


Fio. 125. Showin/faTovin 
Molecule According to the 
Conception? of jiirljch. 



HEFEKEiNCES fliy 

o-hemolysis — Characleriicd by a erecaisb colored rone about llic growth; a 
few di-'colored corpuscles are present iStreplocoecua tindans 
and pneumococci). 

^-hcmol}'SIS — Cliaractcrircd by a colorless rone about the colony. Corpus- 
cles arc not present in clear rone (Hemolytic streptococci anti 
staph) lococci). 

BACTERIAL LEDCOCIDINS 

These arc substances which dostroj' white blood cells. They 
are produced by pneumococci, staphylococci, and streptococci. 
Thej’ are concerned n ilh vini)cncc and invasive potrer o/ bacteria 
by, perhaps, destroying tho white blood cells which arc concerned 
in immunity They arc closely related to hemolysins and, in 
general, possess the same elmractcrislics. 

Toxins versus Ptomaines. Toxins and ptomaines arc often 
confused in students’ minds. If wc admit for the moment that 
ptomaines arc poisonous, they may be distinguished from bac- 
terial toxins in several ways. Ptomaines arc cleavage products 
of the materials on whicli the bactoriiim grows Bacterial toxins, 
on the other hand, arc produced probably by internal processes 
of tlic bacterial cells. Bacterial toxins arc heat-labile whereas 
the ptomaines prob.ably arc not. Ptomaines liavc played quite 
a role as an exphanation of food poisoning. It is quite generally 
agreed among students of the question that better explanations 
should bo sought Within the past few years "heat-stable gastro- 
l^te^tlna] irritants" h.ave been found in the growth products of 
several bacten.a. These m.ny cause symptoms of illness which 
have been attributed to ptomaines. 
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CHAPTER 29 

PROTECTIVE SUBSTANCES— IMMUNE BODIES, 
ANTIBODIES 

As information accumulated in medical science, it was observed 
that a person acquired ability to resist disease by having it or 
receiving preventive inoculation. These observations required 
explanation, and several theories were advanced. Some of them 
are of historical interest only; they were accepted for a time but 
were discarded when better explanations were available or when 
they were inadequate to explain new facts. In many cases these 
old explanations were reasonable and fitted well into the structure 
of knowledge of the time. They are mentioned here in order to 
acquaint the student with their general features and not because 
they explain immunity in accordance with modern knowledge. 

Exhaustion Theory. According to this explanation of im- 
munity, which scorns to have been suggested by Pasteur, some 
essential substance was necessary for the growth of pathogenic 
bacteria in the human body. This substance was believed to be 
present only in certain amounts and not to be regenerated anew 
When it was exhausted, the ctiologic agent causing the infection 
was unable to grow. Consequently reinfection could not occur. 

Noxious Retention Theory. This was, to a certain extent; just 
the opposite of the exhaustion theory. Instead of some necessary 
substance being used up, the etioJogic agent excreted a substance 
which accumulated in the subject of infection. This substance 
was believed to be a noxious excretory product which was mimical 
to the organism causing the infection. Finally the concentration 
of this substance became so great that recovery resulted, to be 
followed by immunity. 

Metchnifcoff^s Theory of Immunity (Phagocytosis). This 
theory is founded on the activity of the white corpuscles in ♦ 
blood and is called cellular immunity. In grammar-school physi- 
ology one is told that the white corpuscles, or leucocytes, are the 
policemen or scavengers of the blood stream. They stand reau., 
520 
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to give battle to invading forces vrhich Vi’ould cause disease. The 
white corpuscles which net in this manner arc called phagocytes 
and the phenomenon phagocytosis. The phacocytes ingest the 
invading bacteria and digest them MetchnikofT found it diffi- 
cult to fit some nca’ discoveries into this theory; this kept him 
busy making new explanations and seeking new data. 

Ehrlich’s Theory. This theory enjoyed rather wide popularity 
for some time, for it cxplaincil in a reasonable manner some of the 
ob'-crvationa winch had been made in iminunoIog>'. According 
to Elirlich, cells consist of two parts, a nucleus on winch depends 
the nature and property of the cell, and a large number of side 
chains, or receptors, by means of winch the cell joins chemically 
with substances reaching it through the circulation, foods, and so 
on. In infections and intoxications, toxic substances arc dis- 
tributed throughout tlic blood and arc taken up by the receptors 
for which they liavc suitable side chains Certain poisons attack 
only certain cells, and some are toxic for but one species of 
animal Ehriich'a theory provided, m tins way, for specific action 
of poisons. It was especially useful in explaining how antitoxins 
acted The«e, according to Ehrlich, were free receptors which 
had been formed m such abimdance that they broke from the cell 
and floated free in the bloml stream. This occurred m the blood 
stream of the horjc in response to repeated injcctioni of antigen 
tdiphthcria toxin m llm ease) 

Bordet’s Theory. Tins theory avoids difficulties in the theories 
propovfd by others but introduces new ones. Bordet resorted to 
colloidal chcnll^try and ad'orption to explain ncutrahration of 
toxin by amitoxm. According to Bordet this was an ad-orption 
phenomenon between colloids of opposite clcclnc charges The 
eombination of toxin with antitoxin wa’^ said to be similar to dial 
of starch and iodine When there is an abundant amount of 
lodme, the (■tarch becomes deep blue, but, with lcs«cr amount*, 
lighicr blue shades arc seemed, depending on the amount of iodine 
ah-orbed Bordet believed that the to\m molecule wa* affected 
m the «aine manner. In presence of large amount* of antitoxin, 
ihc toxin molecule would nd*orb sufficient antitoxin to tlcstroy 
its toxie properties. In presence of *mallcr amount* of antitoxin, 
the toxm imileeules would only be winkened Foible toxic prop- 
erties of such mixtures would t>c due to weakened to\m moteruli-. 
and not to a few unharmed molecules which ad'orbedno antitoxin 
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Vaughan’s Theory. This explanation of immunity has not 
received the study and advertising that previous theories enjoyed. 
Understanding of Vaughan’s theoiy presupposes an understand- 
ing of his conception of the slnicture of the protein molecule. 
Vaughan explained immunity to disease on the basis of the pres- 
ence of certain enzymes which arc formed in body cells. The 
immunity which results from an attack of disease was explained 
on the basis of the presence of an enzyme which was formed 
during the infection and which remained in the patient's body. 
Immunity (acquired) resulted from the destruction of the in- 
fecting agent by the enzyme when it tried to cause subsequent 
infections. Natural immunity could not be explained in this 
manner. Vaughan stated that the parasite in this case could not 
grow in the body tissues. In reality Vaughan’s explanation is 
not very different from some of the others; it is just as reasonable. 

Tissue or Local Immunity. Defense mcclmnisms involved in 
immunity, arc generally considered to protect the entire body. 
Recent work has yielded information to suggest a local or tissue 
immunity. Tliis typo of immunity is restricted to one area of 
the body and even to one particular type of tissue. Such local 
immunity may exist even though there is no general immunity, 
although Jt may be increased to some extent. Local or tissue 
immunity cannot be considered to play any material role in 
general immunity. It is probably nonspecific, for different agents 
have been shown to produce it. 

It is obvious that immunity cannot be explained by one theory, 
but that all theories may be partially correct. It is definitely 
known, for instance, that the cellular theory of Metchnikoff is 
founded on activity of while blood corpuscles in ingesting invad- 
ing microorganisms by a process known as phagocytosis- This 
process can be quite easily demonstrated under the microscope. 

On the other hand, another group of immunologists, while admi - 
ting the role which phagocytes play, explain immunity on c 
existence in the body fluids of specific immune bodies. T is is a 
modern conception of the humoral theory. Plenty of cm cn 
c.xists to support both of these explanations. Thus it ^ 
question of accepting one theory but of correlating the goo 
all of them. .. 

Antigens and Antibodies. Theso arc two 
used by bacteriologists; they are collective terms and p 
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great saving of time. An antigen is a substance which, when 
introduced into an animal, causes the formation of immune bodies 
or antibodies. An antibodi/ or immune body is an agent formed 
in the blood of an animal which has received an antigen. The 
antigen may be either animal or vegetable products, to.xin, bac- 
teria, enzymes, and the like. AMicn it was found that certain 
agents could function as antigens, or were antigenic, attempts 
were made to learn what components of these agents possessed 
the antigenic properties. Many of them have been chemically 
identified, but this subject need not be developed in a book like 
the present one. Those antigens which have been studied have 
been found to be protein in nature. Heating docs not materially 
affect the antigenic property, but hydrolysis docs. To secure 
formation of antibodies, the antigen must be injected into a 
susceptible animal The antigen functions as a foreign agent 
which the animal tries to defeat by formation of antibodies The 
' latter are, therefore, spoken of as immune bodies. 

Injection of blood scrum from a rabbit into a rabbit will not 
produce immune bodies because the serum is not foreign, How- 
ever, injection of blood serum from a cow into a rabbit results in 
formation of immune bodies. 

The following arc some of the more common antibody reactions; 


AvrinoDiES on 
IuMtr.Ne Bodies 
1. Antitouas 
Z. Agglutinins 
3. Prvcipitias 
4 Op«onins 
5. Lysias 

Bactcnolysins 

Cytolysias 

llpmoljuins 


AyncEN 
+ toxin 

+ bactorial cells 
+ proteins 
4* Iwctcrial celh 

+ bacterial cells 
+ celU 

+ red blood corpuscles 


inactivation of toxin 
agglutination (clumping) 
precipitation 
opxonucti bacterial colls 

lysis 

cytolysis 

hcmolyfis (taking) 


One of the most important cbaractcristics of both antigens 
and antibodies !>» tjicir specillrity Antigens are specific bccau«e 
each antigen is c.npablc of stimulating the formation of an anti- 
body uhicli is re.activc with it«clf and no other antigen This 
makes them useful for treating disease. Diphthrrm antitoxin, 
for in't.ance, H u«efiil only for the destruction of dijilithcria toxin 
It has no effect on tetanu'* toxin or other toxins 
Altliough the foregoing statements are c®jcnti.ally correct, 
bacteriologists liaxe found that closely related b.ictcria may be 
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agglutinated if the antiserum is not sufficiently diluted. This 
gives what are called **group reactions." Those have been 
observed especially in the typhoid-colon group in which are 
several species of bacteria with many characteristics in common 
When typhoid antiserum is undiluted, it will agglutinate other 
members of the group such as Salmonella paratyphi and Sal- 
monella schoUmiilleri. Dilution of the antiserum prevents agglu- 
tination of these bacteria. 

Much confusion exists among terms for agents used in preven- 
tive inoculation. A serum is material prepared from the blood of 
some animal. When it contains antibodies, or immune bodies, it 
is spoken of as an antiserum or immune scrum. When no immune 
bodies arc present, it is called normal serum. Two types of 
antisera are known, nntitonc sera and onfibocfenal sera, depend- 
ing on the antigen which was used for preparing them. For the 
production of antitoxic sera, toxins arc used as the antigens. If 
tetanus toxin is used, the scrum is spoken of as antitetanic serum; 
another such antitoxic serum is antidiphcthcritic serum With 
some bacteria, as lias been shown, we are unable to prepare the 
toxin free from tiic bacterial cells. To prepare an antibacterial 
scrum, the cells themselves have to be used as antigens. These 
arc the antibacterial sera such as antigonococcic serum, anti- 
streptococci scrum and antimcmngitic scrum. Other terms often 
confused with those just discussed are vaccine and bocterin. 
They are discussed later in this chapter. The student should 
think his way through these definitions, for they can be under- 
stood only m this manner. 


ANTITOXINS (ANTITOXIC SERA) 

Antitoxins are immune bodies which neutralize or counteract 
the action of toxins. Consequently, they may be used for pre- 
vention and cure of diseases caused by toxins winch are excrete 
from the cells. This is not a new idea. Antidotes are always 
given to counteract poisons. When a person suffers from arson 
ical poisoning, he is given an antidote; when he suffers mm 
diphtheria, he is also given an antidote. In the latter case, w 
ever, an antitoxin or antitoxic serum is resorted to, for ^ 
compounds as antidotes in bacterial poisoning are 
Antitoxins may be used prophylactically 
When used in the former manner they arc employed to p 
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possible toxemia; in the latter manner, they are employed as 
curative agents alter the poisoning has started. 

The nature of the toxm-antitoxin reaction h probably not 
known. Several suggested explanations have been made. An 
early one claimed that it was an acid-base reaction, A later one 
suggested that it was not entirely a chemical reaction but par- 
tially an adsorption phenomenon. 

Preparation of Antitoxic Sera. Such agents for preventive 
inoculation must be made in the blood stream of some animal 
As has been discussed m an early chapter in this book, Emil von 
Bchntig had much to do with the discoverj’ of antitoxins, anti- 
dotes for bacterial poisonings Preparation of antitoxins (anti- 
toxic sera) will be oullmeil and discussed, 

Production 0/ Toxin. In order to cau«c the body of some 
animal, sucli as tJie horse, to form protective substances (immune 
bodies, or anttbo<Iies) against diphtheria toxin, an antigen, diph- 
theria toxin, must be u«cd. Tins toxin is made by growing 
diphtheria bacilli in a vcal-brolh medium m which the cells find 
proper fond substances. During grotvtli, they pour out of their 
cells a potent exutoxin which accumulates in the medium about 
the ccIU. During incubation the bacteria grow as .a thin pellicle 
on the surface of the medium As time continues, the pellicle 
tliickcns, and part of it may fall to the bottom of the culJurr 
flask. At the end of the incubation period, usu.'illy about a week, 
the medium is sterilized by treatment %\ith an antiseptic and by 
being p.asscd througij a sterile porous filter, such as has liecn 
drsmbed m an earlier chapter. Tlu? yields a filtrate containing 
the toxin from uhich the cells liax'c been removed Manufac- 
turer's give iiiueli attention to the strains of micmorganisms u«cd 
f«)r tins purpose They are kept active by frcfiuent anim."!! pas- 
.-ago and regular subculture. Then, only tho®e cultures arc usetl 
nlncb c-ui i>ro<lucc a large amount of antitoxin in the body «f a 
h(ir?c In America a strain of Corynebnefenwoj diphthcrtne, 
krunvn as Parks' NuralicrS, is used bccau«e it forms an cspccivilly 
active poi-on or toxin 

/innwal f'.tfd. For quite obx^ous rea«nns the horse is u*c<l for 
antibody formation. Tlie chicken and goat arc aNo u®c(u!. It 
would take about a* murh time to immunize a ehirkcn or goat n« 
a horse F rom the bnrsc n much larger yield of serum i« secured 
Tlio animals to be U‘cd in antitoxin work arc carefully frclcctod 
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MtJ kept under observations for a few months to insure their 
freedoa from disease. After the horse is shown by qunlified 
yetennanans to be free from disease, it eatets the antitoxin 
aboratoiy where it is given the imiauniring treatment against 
the toxin of the organism causing the disease for which the 
antitoxic scrum is being prepared. 



Fio. 120. Iniccting Serum Iluises. (Courtesy Parle, Darns cS Co.) • 

The lojectiOD of bonee producing ccrfais types of •ftua. (uefi s* (tioge for siOiiogiiis ftod 
pneumonia, is made djreclVy solo the iugular vein, ae eho»n m t!u» picture. Horsea produem* 
antitoxin (diphtheno *nd tetanua), on the other hand, *rt lojeeted eubcufaoeoBaly W the nwfc 
or ahouJder. In either eaee imrnumiatioD i* earned out »ith repeated adnuoiatrafioM of 
I'sereaaing amount* of the ant.getie siatenaf 

Immunizing the Horse. After the strength of toxin has been 
determined as previously meutioned, it is given to the horse m 
sJowiy increasing amounts. It is necessary to start with sraall 
doses since a poison is being introduced which, if injected at first 
in large doses, would cause the death of the horse. The injections 
are made under the skm to secure slower absorption. The first 
dose, which may be about 0.5 milUUter, causes a rise in tem- 
perature and other symptoros of illness such as a rough ^at. 
Another dose, larger than the first, is given in 24 hours. This 
process is repeated until the animal can tolerate enormous doses 
Toward the end of the immunisation period the horses may 
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receive doses of toxin as large as 1000 milliliters. During these 
injections, nature is striving to eountcract this poison by the 
formation of an antidote, called an antitoxin. One paper reported 
that the maximum dose of toxin injected into a horse during the 
immunization process was sufficient to kill 500,000 guinea pigs 
weighing 250 grams each. Also, if antitoxin formation has gone 
on successfully, I milliliter of the horse’s blood serum will neu- 
tralize toxin sufficient to kill 50,000 guinea pigs weighing 250 
grams each. 


Fia 127. Blceuing Antitoxin Horses. {Courtety J'arke, Dait$ d: Co.) 

K rftnuts inlroiluc*.! into (he rztrrfiKl JunUr rrio i> •(t«rhr<} to • nit.brr lube ahlrh in (urn 
b ronnrctnl inib a (laM lube cn(enn< iheeollertinc mvplitele. AH proeectune in Ibe oper. 
itins room nre c«me>l out eilb Ihe iime next martl for aerpri* ibat wottM ebwnrtmx 
iurcic*! lecbatgue la a <r«il'«M>Juele>J boeiNlal. 

Co/lrrtmg Me Blood. After tlic horses hax*c renched a condi- 
tion where further injections of toxin nrc not accompatiied by 
increase in antitoxic content of the blowl, they nrc bled. The 
rooms m winch tins is done arc u«ually opart from those in which 
the anim.als li.avc been Iiou*c<J and h.nve reccited the toxin injec- 
tion? Tlicbc rooms arc substantially construrtetl with app.nratus 
and appointments similar to those in an operating room in a 
hn«pita) They arc kept thoroughly aseptic, and nil instruments 
and similar apparatus nrc carefully sterilized. The horse is bled 




PROTECTIVE 


SVBSTAmES 


by means of a sterile canula inserted into the jugular vein with 
a trocar. A gallon or more of-the blood may be collected with- 
out injuring the animal. The blood is collected in sterile glass 
cylinders in which it is stored in refrigerators until it has clotted. 
The serum is then drawn off and treated with 0.4 per cent of 
tricresol. This was an antitoxin of commerce until Gibson and 
others devised methods of concentrating and purifying it. Some 
horses are such good antitoxin formers that they may be bled 
over a long period. Otlicrs seem to be unable to V^duce 
antitoxins. 

Measuring Strength of Toxins and Antitoxins. The necessity 
of having antito.xin standardized to certain strengths is evident. 
Physicians must know how strong the product is, else there would 
be little certainty that enough had been given. For this purpose 
the United States Public Health Service supplies standard anti- 
toxin with which the new' antitoxin may be compared. The 
method of testing may be briefly described ns follows: The 
materials required arc: 

1. Diphtheria toxin. 

2. Standard antitoxin from United States Public Health 
Service. 

3. The antitoxin to bo standardized. 

The toxin is first evaluated by means of standard antitoxin. 
These ore combined in such proportions that when the mixture 
is injected into a 250-grara guinea pig there is enough free toxin to 
kill the pig in four days. The strength of the toxin does not vary 
but remains constant for a time. The some test is repeated 
except that the test antitoxin is substituted for the standard 
antitoxin. If the guinea pig used in tins second test lives beyond 
four days, the antitoxin is of suflicient strength. It is interest- 
ing to note that the Government keeps standard antitoxin in 
Washington the same as the standard yard measure. Standar 
antitoxin is necessary in order that there be available a cons an 


unit. . 

Purified Concentrated Antitoxins. Much study has been gi 
the subject of separating the active constituents from the extrone 
ous material in horse serum. It was believed that if t c ^ 
constituents could be prepared there would then be no 
injecting into a patient's blood that portion "n 

By means of precipitation reactions such os those used y 
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and others, globulins, n-hleh cany the antitoxins, may be precipi- 
tated. In the Gibson process, antitoxic serum js treated with a 
saturated solution of ammonium sulfate which precipitates the 
globulins. The scrum is discarded. The globulins after removal 
by filtration arc redissolvcd in saturated sodium chloride. Acetic 
acid is then used for precipitating the pscmloglobuiin; the 
euglobulin being valueless is discarded. The pscudoglobuiin con- 
taining the antitoxic principles is collected and dialyzed m water 
to remove salts A purified and concentrated antitoxin serum is 
thus obtained. This must be standardized and checked for 
purity. Preparation of this antitoxin has done much toward 
reducing the incidence of scrum sickness 

Teats jor Purity After the potency tests arc applied, those 
which will show whether the proiluct is safe to u<o and free from 
objectionable bacteria arc employed Scrum is injected into 
guinea pigs to ascertain whether foreign toxins may be present 
Then tests are made for the presence of bacteria by inoculating 
some of the scrum into suitable media. If results of these tests 
are satisfactory, the product is considered safe. Every attempt 
is made to in'^urc a product free from danger. The success of 
these attcmiils is indicated by the few accidents which have 
occurred in recent years 

Physicians who u«e antitoxic sera must have a?<furancc that 
they arc safe and of proper strength; else they will use them w^th 
a false sense of security. If a physician were well trained in 
clicmi'lry and bactcnologj’ nnd bad a laboratory and the time, 
he could examine these products hiin«=elf. Obviously, the best 
method is for the physician to be able to U'O the product>» without 
testing tlicin nnd yet fee) certain that the health of his patients 
will be protected In 1902, by net of Congre*.', the United Statc« 
Public llcallU Service was empowered to C'tnbh'h a system of 
control (or vaccines, antitoxins, and so on. In general, the 
procedure is to licen=e rertam manuIactureT« if they comply 
with requirements laid down by the law and if their products meet 
certain standards Tluse standanis arc very high, and the 
stamp of approval ot the United State-* Public Ilcatih Service is 
often sought by many foreign manufacturers, even though they 
do not expect to compete with American manufacturer" At the 
clo«o of 1912, GS American manufacturer* anti G foreign c«tabh«h- 
incnt" held .\tnencan l»Cin«i'« i« manufacture biological prenluct.* 
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The Federal Government is not engaged in manufacture, only 
control. Before a manufacturer is licensed by the Government, 
thorough inspection is made of the plant, personnel, and equip- 
ment; his products ore also examined by the purchase of packages 
on the open market. In this manner the products are checked 
from two sides, and the public may use them with great safety. 

Use of Antitoxins, The use of antitoxic sera may best be 
understood by appreciating the position of a physician called to 



Pro. 128. A Schematic Depiction of How An(ito>pDs Function in Diseases 
like Diphthena, Botulism, etc., according lo Ehrlich’s Theory. 


A, A toxin moleoulfl with a toxophora (poiaocuDf) (rotip aad s haptophore (anchoring or bioii- 
log) group. D, A body cell with a large number of receptore These are eventually formed 
m such large numbera that they are thrown off (he cell and appear aa free receptors in the 
blood stream Theso are aatitoxiiu C, f>ee receptors m ths blood stream D, Showing a 
toxin molecule the haplophore part of which has been filled with a free receptor This pre* 
veata thia toxin molecule from uniting with a body cell to poison it. These free re«pt«« 
are aoliloiina. 


the bedside of a person HI with the sj’mptoras of diphtheria. 
Somewhat uncertain about the symptoms or wishing to confirm 
his clinical diagnosis with laboratory results, he will send a swab 
from the throat of the patient to the laboratory. On this swab 
will be carried a specimen of the membrane, if one is present, 
or other material from the throat. In the throat of a child il 
with diphtheria, bacteria, with broken-down tissue, etc., consti- 
tute a diphtheritic membrane. The bacteria in this raembrane 
grow and produce a soluble (extracellular) toxin which reaches 
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the blood stream and is carried about the body. The body cells 
of the patient are poisoned, and he may die from this toxemia. 
As soon as toxin appears in the blood stream, the patient’s body 
cells begin to make antitoxin. If they manufacture it rapidly 
enough to counteract the toxin as it is formed, the patient may 
get well. This is true only in a small percentage of cases. The 
physician, however, does not wait for this but decides to inject 
antitoxin which have been formed in the horse. These antibodies 
or antitoxin are then ready to neutralise the toxin as it reaches 
the blood stream from tiic organisms in the throat. Action of 
antitoxin may be explained by using Ehrlich’s conception of their 
formation and action as shotvTi in Fig. 128. His general theory 
is not accepted today, but this part miglit help the student to 
appreciate what is involved. 

To be cilcctivc antitoxins should be injected as early in the 
disease as possible. Each delay of a day causes a higher mor- 
tality. Advanced cases demand liigli dosages and frequently, 
with due caution, intravenous Injections Public-health authori- 
ties state that there is no reason for a single death from diph- 
theria, if parents arc familiar with the s>’mptoms which appear 
and if antitoxin is administered promptly. 

Allergic Reactions After Use of Sera. After receiving nn 
injection of diphtheria antitoxin, certain individuals who arc 
sensitive to horse scrum may suffer from scrum sickness. This 
is cliarnctcrired by rashes, enlargement of JJ^nph nodes, pyrexia, 
and the like. The attack is not necessarily serious but is annoy- 
ing. In persona lij'pcrscnsitivc to the proteins in horse scrum, 
the symptoms may be severe. Tliis is n manifestation of ana- 
pliylaxis, other cx.amplcs of nhicli have been discussed elsewhere 
in this book. Less trouble results from use of purified concen- 
trated antitoxic scrum prepared today, because it ha? been frcc<I 
from extraneous proteins and contains only those vith vhich the 
antitoxins arc combined. Tlic foregoing statements indicate why 
physicians hesitate to give antitoxins unless it is absolutely 
neccs«ar}'. Promiscuous administration of antitoxic sera would 
rc«ult in a number of sensitized individuals. Later it might be 
ncccssarj’ to administer antitoxin, and they might suffer from 
scrum sicknc«« 

Size of Dose. Antitoxins are standardized in units. Tlio sire 
of the dose depends to o large extent on the symptoms of the 
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patient, the progress of the disease, and the results Tvhich follow 
the first injection. When little improvement is observed after 
the first one or two injections, the size of the dose mav be 
increased. Larger doses are also given when the diagnosis is 
delayed. 

Reasons for Failure of Antitoxins. Administration of anti- 
toxins occasionally fails to bring about desired results. Different 
explanations maj’ be offered. The antitoxic scrum may have 
deteriorated because of age or improper storage conditions. 
Freezing may markedly reduce potency of antito.xic sera. These 
products must, therefore, be carefully stored. Antitoxic sera 
arc dated to indicate the age after which they should not be used, 
^lost often the reason for failure is too late administration. If a 
physician is called too late, after the patient is quite toxic, anti- 
toxin may have no effect. 

Duration of Effect of Antitoxin. How Jong do antitovina 
remain in the blood after injection? Accurate data on wliich to 
base an answer possibly do not exist. About all that can be done 
is to quote conclusions of different investigators who have studied 
the problem. Undoubtedly, persistence will depend on size of 
the dose of antitoxin which is injected and specific characteris- 
tics of the person receiving the injection. It has, in general, been 
found that antitoxins which have been formed in the blood of 
the same species as that into wJiich the antito.xin is to be injected 
persist for a longer time. It would not be feasible, however, to 
prepare antitoxic sera in human beings. 

The Schick Test. This test, or reaction, is used to determine 
whether an indi\'idual is resistant or susceptible to diphtheria. 


It determines whether an individual possesses antitoxin immunitj . 
The test is made by injecting a small amount of standardize 
diphtheria toxin intracutaneously on the flexor surface of t e 
forearm. Observations are made on this area after 24, 48, / , 
and 96 hours. Results are recorded as positive, negative, pseu o- 
positive or pseudonegative. A positive reaction is character^c 
by a red area about the site of inoculation in about 24 hours. i 
reaction increases up to the fourth day when it fades to ^ ° 
lowed by brown pigmentation and peeling. ^ Wi^-ted 

indicates absence of antitoxic immunity in the indiM ua 
A negative reaction is indicated when no change occur 
test area. Pseudoreactions are slight reactions uc o 
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other than those involving tovin-antitoxms; they must be care- 
fully iuterpreted by the physician. 

The value of such a test rests on the fact that it can detect those 
U’ho are susceptible to diphtheria in a group nhich lias been 
exposed to the disease Such induiduals may then be given 
special immunisation treatment 



Toxin-Antitonn Arimintslralwn After it is learned that a 
pcrM*n is sU'iepiiblc to diphtiicrm, the next problem is to confer 
on him sudlcient immunity to protect from infection with an 
ordmarj* dose of bacteria This may be done in different ways. 
It could, perhaji®, he tfone by nyccting dead bacteria (a bacterial 
vaccine) or a small amount of toxin formed by these bacteria. 
n«»\\cvcr, mixtures of toxin and antitoxin liax'c been used for 
isimnilatmg antjbo<ly formation These mixtures are not ertiinl 
mixtures in which tliere i-* just enough antitoxin to combine with 
tlie toxm: tiiere is usually a xrry sliglit exTess of toxin which 
stimulated body eeJls of t)ic mdjx'idual receiving the treatment to 
m.akc antitoxins Tlic toxin-antitoxin mixture is not a perma- 
nent union but a rcver.«ibJe one nhich tend* to break up, forming 
free antitoxin, and fnx* toxin Consequently, this free toxin 
liberated in Ibis manm-r nets as an antigen to eau^e formation of 
mure antitoxin by tJie biKjy cells 

Iinmumration witli toxuv-antitoxin mxohes three injections 
of one miiJilitcr each at wnkly interxaJ-* A pir-on so treated 
is hclici ed to be immune for years This im tliod cannot be u«c<l 
for prevention of dijihtheria among tlio-e wht» h.avr Iktu exjHued. 
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Several months arc believed to be necessary for establishing a 
sufficient grade of immunity to protect. 

The United States Public Health Service has discussed the use 
of toxin-antitoxin as follows: 


t. As a general prophylactic measure. The moat euilabJe age period for 
testing and immunizing is between 6 months and 2 years. At this time of 
life the percentage of positive Schick reactions is largest, and the suscepti- 
bility to diphtheria as well aa the mortality from the disease is greatest 
Children of this age period can be reached in the homes, in infant asylums, 
in the milk stations, and in day nurseries. The children of the nett ago 
period arc included in the preschool groups. These children can be reached 
in the public schools, in orphan asylums, and in the various other institu- 
tions. Among adults, those who come in contact with diphtheria and are 
constantly exposed and in danger would also be tested and immunized with 
toxm-antitoxm if found to give a positive Schick reaction. Included in 
this group are especially physicians, nurses, and hospital attendants in 
contagious-disease hospitals. 

S. To control an outbreak of diphtheria. As the immunity arising from 
an injection of toxin-antitoxio does not dc^'elop until the lapse of 2 to 12 
weeks, actne immunization cannot be utilized to protect persons from 
exposure within tiiat period In institutions, however, where small out- 
breaks of dipiithcna liave occurred, or where diphtheria is more or jess 
constantly present and clinical cases and bacillus carriers steadily appear, 
use of antitoxin alone has often been io.«uflicicnt to stamp out the disease, 
but the combined application ol the Schick lest and acliv’c immunization 
with toxin-antito.xm has given successful and encouraging results Toxm- 
antitoxin immunization should not be used with antitoxin immunization in 
the same individual, as the surplus antitoxin tends to prevent the develop- 
ment of an active immunity. 


Diphtheria Toxoid Toxoid Jms largely superseded toxin- 
antito.xin as an immunizing agent. It is prepared by destruction 
of the toxic part of the toxin molecule by means of various agents 
Isuch as formalin alum). In other words the toxin is detoxified 
without its immunizing ability being harmed. Toxoid has shown 
itself to be superior to lo.\in-anlitoxm. Fewer doses are 
required, and the resulting immunity develops more rapidly. 
Toxoid is also more stable than toxin-antitoxin. The usual 
course of treatment consists of two injections given 3 or d weeks 
apart. Active immunity results in 4 to 6 months. A c ic ' 
test should be given 4 or S months after the treatment to deter- 
mine whether the child is protected. . ■ 

Different Kinds of Antitoxins. Besides diphtheria - 
which has been used as a type example for antitoxins m gen , 
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there are other kinds which have been made with the anticipa- 
tion that they would be useful. In each case the organism 
causing the toxemia, /or which the antitoxin is the antidote, 
froms a soluble toxin. This appears in the menstruum about 
the cell. 

Botulism Antitoxin. Botulism, an acute toxemia, is caused by 
an exotoxin formed by Clostridium boixihnum. It has been of 
special significance in foods. Botulism antitoxin is prepared by 
the same procedures nhich have been outlined for diphtheria 
antitoxin. The horse is used on account of certain characteris- 
ties. Since there arc four or five races or strains of Clostridium 
botulmum, of which types A, B, and C are best known, it is 
necessary either to use a mixture of the types in the antigen with 
which antitoxin formation is stimulated in the horse, or to use 
separate toxins on different horses and find out what type of 
antitoxin is ncccssarj’ before it is administered. The latter pro- 
cedure would be tiinc-coniuming, and time is vcr>’ important in 
the administration of antitoxins, especially in botulism Owing 
to inherent characteristics of botulism and to the fact that diag- 
nosis may be dcl.aycd until intoxication has progressed to reveal 
the sjTnplom«, the same success has not follow cd administration 
of this antitoxin that has followed its use in diphtheria. 

Tetanus Antitoxin. Antitctnnic scrum is prepared by injecting 
horses with tetanus toxin in the same manner as has been outlined 
for diphtheria antitoxin. A slightly different situation c.\i«t«, 
oftentimes, m administration of this scrum m tetanus than exist.s 
when diphtheria antitoxin is given m diphtheria Tetanus anti- 
toxin may be administered after a person has suffered a deep 
wound wlticli has been contaminated with considerable dirt Its 
purpose IS th.nt of a prophykiclic or provcnth’c agent, to be used 
before there are symptoms. It is claimed that such dirt may 
contain tetanus spores which will germinate in the blood to cau'c 
subsequent poisoning Delay in administration of tetanus anti- 
toxin until the symptoms have appeared n'-ults in much higher 
mortality than is tlio ca«o where antitoxin is gnen to prevent 
potential toxemia. Ailniinistration of tetanus antitoxin has 
become a well-established practice. 

Available information seems to indirntc that antitoxin don not 
persist in tlie blood verj’ long. Tlic immunity is therefore pa««ivc 
anil aignifirant only quite soon after iLs injection 
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Gas Gangrene Antitoxin. This antitoxin is prepared in horses 
^\’ith toxin of Clostridium welchii as antigen. It is used in the 
same manner as are other antitoxins. It has been especially use- 
ful in treating toxemias resulting from infection of war wounds 
with Clostridium v:elchii. 

Scarlet F ever Antitoxin. The etiologic agent of scarlet fever 
ivns once given the name of Streptococcus scarlatinae but is now 
generally considered to be a henioltyic streptococcus which pro- 
duces a crytlirogenic toxin (rash-producing), Antito.xin is made 
as has been described previously. It is believed to be valuable 
in cases of scarlet fever. It lessens the degree of severity of 
complications and aids in more rapid cure. 

Dick Test in Scarlet Fever. This test for scarlet fever sus- 
ceptibility simulates very closely the Schick test for diphtheria 
It consists of an intradcrmal injection of O.J to 0.2 milliliter of 
a dilution of the soluble toxic filtrate obtained from a culture of 
a specific hemolytic streptococcus. To secure the toxin, the 
organism is grown for several days in broth containing a iittle 
liorso blood. Positive Dick reactions, which indicate suscepti- 
bility to scarlet fever, arc quite similar to the reaction in a 
positive Scliick test. According to Zingher, however, the Dick 
reaction appears more promptly. 

For immunizing those who arc shonm to be susceptible by the 
Dick test, scarlet fever to.xin in small amounts is used. This 
causes the appearance of an actii’c immunity. Small amounts 
of toxin are used at first. Subsequent injections consist of larger 
doses as the individual becomes accustomed to them and his 
resistance is increased. 


AGGIUTININS 

The agglutinins are antibodies which agglutinate or clump then* 
antigens. The antigens in this case are usually bacterial cel s. 
Agglutination takes place in two stages First there is loss o 
motility and later clumping of the bacterial cells. 

Preparation of Agglutinins. These antibodies are forme m 
the blood of animals, and are specific in their action, tha is, 
agglutinins formed by the injection of one antigen ^lU not reae 
with another antigen. The antigen may be injecte m o 
veins or body cavities of the animals. The bacterial ce s ^ ^ 
dead or alive; if dead, they should have been killed by o 
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heated to temperatures of 62“ to 65“C Destruction at tempera- 
tures above this range causes the cells to lose their antigenic 
value, or power to stimulate production of agglutinins If rab- 
bits ore used, the bacterial cells may be injected into the ear vein , 
the blood of the rabbit may be frequently tested to make certain 
it contains sufficient agglutinins, before the rabbit is finally bled. 
If satisfactory, the animal is bled asoptically. The blood is 
allowed to clot and the scrum removed and treated with tricresol, 
ivliich acts as a preservative. The serum is then stored in the 
refrigerator. 



Tio 130 A SchemaUc Depiction of nn Awlulinauon n«iftion. 


A, mnvin* bact'na in • muTO«<'>f>>n S*l I O, Annihn prfparaiioa from ll<» Mm« 

vulture viOi llifl cxcrpticm that ttwn&c a«s)ut>»at>m *rru<^ hu txarn blilnl. Tba bartena 
ara aLCalatinatvil 


Demonstration of Agglutinins. Apcluiination reactions are 
made by mixing blooti pcruin from an animal ttliich has received 
injections of bacterial cells as antigen, with some of thc'C cell- 
and tltcn examining the mixture under the micro«cnpe for tlic 
presence of clumping or aggliitinatiun. The blood scrum may be 
diluted cten 200 or 3(X) times and still shoiv its Fjx'cific nrtmn. 
The reaction i« cliaracteriictl by lo-s of oMitity of the cells and 
drawing together into clump* There are u'ually few free bac- 
teria in the field. The lalioratoiy worker, n« a rule, make* a 
control preparation— one nliicli contains the organi-ms witliout 
any added nnti'crum containing agglutinins Thi« preparation 
is made to determine whether ppontaneous ngghitmatinn of the 
cells in the cuUurc occur* and serve* as n control with whirh to 
compare the unknown preparation 
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Tlie serum containing agglutinins is usually diluted to overcome 
the influence of normal agglutinins. These are agglutinins which 
arc present in blood of normal persons. 

Ebcrthclla typkosa causes the appearance of two types of 
agglutinins in the bloocl stream designated as the “0" and "H” 
types. The "O’' agglutinins react with the antigenic substances 
in the body proper (cell) of the organism; the ‘TI" agglutinin 
reacts with those in the /lageHa. A strong agglutirmtion reaction 
with the “0" type indicates typhoid fever. “H" agglutination 
reactions arc frequently encountered in persons who have rccov- 
ered from typiioid fever or ha\'e received a vaccine prepared 
froju bacterja causing tj'phoid fci'cr or paratyphoid levers. The 
"0" reaction is usually negative or weak in such cases. Many 
diagnostic laboratories are now carryung out these tests as pari 
of their routine. 

Practical Application of Agglutinins. Specidcity of the 
agglutination reaction has caused it to be turned to verj' useful 
applications, only two of nhich arc considered here. The basic 
principles of agglutination may be found in the more advanced 


The (/rubcr-tridol Reaction. This application of the agglu- 
tination reaction to diagnosis of typiioid fever wos established 
by Widal, after whom the test is named. The test may be more 
easily understood if one imagines himself in the place of a 
phj’sician who is called to the home of a person ill with symiptoina 
of typhoid fever. Clinical symptoms may not be quite charac- 
teristic, and he may desire the aid of laboratory data to confirm 
his diagnosis. Tlic physician knows that, if his patient has 
typhoid fever, Eberthella typhosa is present. The presence of 
EberthcUa typhosa will stimulate the production of agglutmms 
in the patient’s blood. Consequently, if agglutinins can be 
to be present, the physician infers the presence of Ebert e a 
typhosa and probably typhoid fci'cr. In order to find out w e cr 
these agglutinins arc present, he takes a small portion o oo 
from the patient and sends it to the laboratory^. The laborato^ 
determines whether or not the blood contains agg u mins 


Eberthella typhosa. , • . 

The blood may reach the laboratory dried on --.-al 

s.x,ali t.be. 1! dried, it ie brought tark to 
volume with sterile physiological sodium chloride s 
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further diluted in order to avoid agglutination which may result 
from the presence of normal agglutinins. This ma}* require dilu- 
tion of one part of scrum with 50 or GO parts of sterile physi- 
ological sodium chloride solution. Then to a drop of this diluted 
scrum are added some living cells of Ebcrthella typhosa. If 
agglutinins are present, these cells will be agglutinated or clumped 
after an hour at 37°C. Presence or absence of agglutination is 
reported to the physician. This constitutes the Widal reaction, 
or tiie so-called "blood test" in typhoid fever. , 

Interpretation of the Widal or agglutination reaction is influ- 
enced by the fact that a person may have received preventive 
inoculation against typhoid fever; agglutination response may 
thus have resulted from agglutinins of prophyl.actic inoculation 
and not from a natural infection. This possibility must be consid- 
ered by the physician whose duty It is to weigh the evidence, both 
clinical and jaboratorj’, before he announces his diagnosis. 
Although agglutinins are formed during infections, there is con- 
siderable evidence that the agglutination titer cannot be taken as 
an index of the amount of immunity which an individual may 
po?sc$s. 

Idcnlificatton of Dactena by Agglutination. In the Widal 
reaction just described, two mam factors were concerned: cells of 
Ebcrthella typhosa and blood scrum from a person suspected of 
having typhoid fever. The unknown factor was the agglutinins 
in the patient’s blood. It is obvious that the same agglutination 
reaction could be made with the bacterial cells as the unknown 
factor. In this ease, a known antiserum prepared from blood 
of some animal would be used. Tins antiserum would he made 
by injecting a rabbit, for instance, with a pure culture of a known 
(Khcrl/icllo typhosa) microorgani'tn The blood scrum would bo 
collected and u^cd to agglulinalc the unknown microorgnni«m. 

If the unknown organism was ngglutinatcil by the antiserum 
prcp.ared with the known org-inism, identity of the two org-anisnis 
would be proved. Tliis test is the final one usually applied for the 
idcnlification of an organism alter the morphological and physi- 
ological tests have been determined 

/Ipijlutinahon Tf^fs in J3food Trawjusion. Tins di*cii»»e<l 
at Uus time liecause it represent* another type of ngghitinatinn 
and because it answer* a question often asked by students of 
bsctcnologj*. Transfu'*ion of blood Is frequently mce—.'irj’ It 
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has been resorted to in injuries where great amounts of blood 
have been lost, such as war wounds and hemorrhages. The two 
principals involved in blood transfusion are the patient, who is 
spoken of as the recipient, and the donor, who gives the blood. 
Before taking blood from an individual (the donor) it is neces* 
sary to determine whether his Wood is compatible with blood of 
the recipient. To determine this, tests are made to learn whether 
the red blood cells of the donor are agglutinated by blood serum 
of the recipient or patient. If they are agglutinated or hemo- 
lyzcd, tins donor cannot be used, for his blood would not benefit 
the patient; it might even harm him. Blood from diiferent 
individuals have been classified by investigators into groups, the 
best known is that by Moss. We need not present here the 
definitions of these groups. They are giv’en in advanced texts 
and are usually verified experimentally in advanced courses in 
practical bacteriology. 


PRECIPITINS 

Precipitins are antibodies which precipitate their antigens. The 
exact relation of precipitins to immunity is not understood. They 
arc known only by their reactions, which have most interesting 
applications 

Preparation of Precipitins. Tlieso immune bodies are also 
prepared in the blood of some animal. Because of the small cost 
and ease of handling, the rabbit is generally used. The antigen 
is injected at intervals of 3 to 5 days, usually in the peritoneal 
cavity. As stated in a subsequent paragraph, precipitins are 
used especially for the detection of human blood. In this case 
antisera (or precipitating sera) arc made by injecting blood o 
various species into rabbits. . . 

Practical Applications of Precipitins. Since the action o 
precipitins is specific, they are used for the detection and identi 
fication of proteins. They may be used for identification o 
blood, detection of horse meat in sausage, separation of na uia 
from artificial honey, and so on. Although the precipitin rcac ion 

is very delicate, it has certain limitations. It cannot be use o 

separating proteins (blood) of closely related animals sue as 
cow and the goat, the sheep and the goat, or man an 
primates. 



PRECIPITINS 


5ii 

Detection of Human Blood, A very interesting forensic use 
of the precipitins has been connected with the identification of 
blood spots on the garments of su'-pected murderers Before 
precipitins \^ere known, biochemical methods of blood identifica* 
tion were often unsatisfactory. Chemical methods may be used 
to prove that certain spots arc blood spots, and the precipitin 
reaction will identify the blood as that from a certain species. 



Fio. 131 PhowjnR the Method for Preparation of Haeh Fpoeifie Immune 
lUhbit Scrum Uscil in the Precuntm Te«t for Wood (.1/frr Hailey, I0S7) 


The following ca«cs arc from a report by Stokes' on the use 
of the prccipmn reaction for the identification of blooii: 

The fir<t ca.'0 m which the prccipihn tc'l for human hlnwl nw a'rd was 
that of the State of Miobud \cr«us Normin Mahle nnd J.amcs r.irrontty, 
which was tried m the circuit court for Cecil County on \Vfdnr>shv, the 
4ili of March. 1914 The testimony <:|iowe<l that a brutal munler hid Iwen 
committed upon n well-known citizen hiinR near Sak-huo' m Wicomico 
County In traichnE from the roimlrj* jtore to his home the victim was 
wa.vlaid h> the two men and rlruck over the head prveral tunes wuh a 
corn planter, the avuilt re*iiJlins in the dratli of thw man A irrevt ileal 
of bloo-l flowed from the woiimU of the heid, and 'ome of the carmenta 
of the ‘iL'peeted munlrrers were brought to the hlioratory for examination 
A spot of blood on a button of the left elreve of the coat of one of the 
Kiimtnt.a of the ru‘p<‘fte\l rovirvkrcra wv vktccted bj meatvs of th« ii'ual 
rhcmieal and mirro-ehrmicat le«u, and 04 of a millienni of the Moo'l 
w.as rcrapeil from the button and orcairalrl> dilutnl ro .a* lo make a ijilution 
of I/IOPO. 1/lOWX), and 1/20000 Tlie fir«t dilution vr.. aUi u^d a. a 
color companvin for the recond lest in which no arpurate WPiehme roi hi 

‘ W n Stoke*. The C(ie of Preeijntm Trrl for the Defection of Human 
niood in Criminal TnaU. Ilosfon Vrd Surg J (1917) 
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be made. A spot of Wood Jras also detected oa the ovetalk of one of the 
murderers, and this spot was cut out and soaked in 2 cc. of salt solution 
and then diluted to the color of the weighed solution from the button, wbkb 
equaled a dilution of 1/1000. Other dilutions equaling I/IO/WO and 
1/20,000 were then made from this original dilution. 

The technic, as described above, was then carried out, including the 
control tests recommended, and the dilutions of 1/1000 of suspected human 
blood, as well as the controls, gaie a distinct chudiag within about ttvo 
minutes and were distinct at the end of thirty minutes. The higher dilu- 
tions of 1/10,000 showed a beginning precipilom in about fiie minutes and 
was well marked at the end of thirty minutes. The tests were made at the 
usual room temperature. 

The murder was committed for the sake of robbery, and about fifty 
dollars was taken from an envelope found in the inside coat pocket of the 
luctim. Ills coat was CArtensively ataiDcd with b}ood, end the envelope 
addressed to him was found at a short distance from the site of the crime. 
Dilutions of 1/1000, 1/10,000 and 1/20,000 were made by soaking the blood- 
stained paper of the cnevelopc in sail solution and comparing the lowest 
dilution by color to the weighed solution of dried blood of 1/1000. The 
dilutions of I/IOOQ and 1/10,000 gai'e a positne precipitin test, as described 
above 


In giving the tostimoay, it was admillcd that the test might be positive 
if the blood had been from some of the higher order of apes, but with that 
exception the opinion was given that the best was positive for human blood. 
The finding of blood stains on the button of the coat and the overalls of 
one of the sa«pectcd criminals was considered ns important evidence, and 
the man was conxicted of murder and received a long-term eeateace. 

This murder had stirred up great feeling in the town of Salisbury, and 
a mob attacked the iail and atlcmpled to remove the prisoners The 
attempt was thnarfed, however, and the prisoners were removed to another 


county for safekeeping and trial. 

While public opinion «as still Bcelhing, a woman hi’ing i«st outside of 
Salisbury reported to the police autborities that while alone in her home 
she had been attacked by a man, who had then made away with ^ 
trifling articles, having been unable to find any money or valuables. 
investigation of the doorpost, the threshold of the door, a satchel, an 
various other articles were found smeared with blood, and the woman 
claimed that she had defended herself mth a knife and had inflicted certain 
wounds upon the m.in, who had then escaped It should be mentione a 
the w Oman w.is married, that her husband was absent from home, a 
been used to leaving her in the house in a lonely part of the 
\- 3 rious occasions. The wood from the door, tho blood-slamed sa c , 
blood-stamcd corncob, and a blood-stained knife were broUo 
laboratory for examination, and the usual tests ^ 

presence of blood upon all of these matenals. Some of t e > 

L tooL-ed ii. „orn,al .rfoboo .oi 

surprise, It w /ouud that a number ol the '“'“ttsssht preb- 

nuclei and this was confirmed by stained specuncos. It was 
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ably that the blood might be from a chicken, and rabbits were immuaircd 
with chicken blood. When the blood eenim of an immunized rabbit had 
attained a strength suOicient to produce a precipitation in a dilution of 
1/20,000, the blood from these various materials was tested in the usual 
dilutions of 1/1000, 1/10,000 and 1/20,000 They all gave a marked reaction 
with the blood serum of the rabbit immunized with chicken blood, and the 
opinion was then c\pre.s.=ed that the blood did not come from a human 
being but was chicken blood 

There had been a great deal of excitement amongst the public concerning 
the second alleged criminal attack, but when the woman was confronted 
with the evidence she admitted that she had staged a murder in order to 
keep her husband at home, as she thought that such an CTpcricncc might 
make him more opprehcn.«i\o of her safety in the future 

J*o further attempts, therefore, were made to apprehend the criminal, 
the public excitement sub.<ided. and the husband presumably no longer 
strayed from his onn fireside 

Foreign Proteins in Foods. The precipitin test may be usee! 
for detecting sophistication m foods, such ns substitutes for 
natural honey, use of egg substitutes in pastries, presence of horse 
meat in sausage, as stated before Tins application of the test is 
not BO important in the United Stoles where there is probably 
less substitution of one moat for another, but in some of the 
foreign countries, wlicre horse meat is sold, the lest is useful. 
The precipitin test in this case has some limitations, it is impossi* 
ble, for instance, to ficpar.ite the flesh of the e!o\ cn*hoofed animals 
from species which arc M-ry closely related m structure. 

Separation of Species of Animals. The precipitin lest has also 
been used for the study of the origin and relationships of differ- 
ent species of higher animals. The lest, therefore, has value in 
bringing useful data to bear on flic discussion of evolution. It 
is quite w'cll established that (he precipitin test will not separnte 
the proteins (m the bloiul or ti-‘uc> of clo«ely rclateil animals. 
For instance, it has just been shated that the ficsli of the clovcn- 
hoofed animals cannot be separated Boyden has staled that 
buililing of family trees has pr.aclicnlly ec.'i«ed today not l>rrnu«c 
the problems of animal rcl.ation'hips have settled but bccau'c 
scicnti^ls arc helpic's. There is a general ogirement ns to the 
relnlion«lii|) of animals within certain mam branches but not as 
to nfilmtics of many of the invertebrates to each other or to 
vertebrate? Boyden* pointed out that our present classifications 

2A A noid<‘a, The rrcvipilm nwtion in ihef^tudy of Animil 
pM)/. Puff. W (IKO), 73-103 
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and groupings are based on morphological data; consequently 
It may be wrong to attempt to make the serological reactions’ 
follow' the morphological. Man® cannot be separated by the 
precipitin reaction from other primaries, and this may indicate 
a deeply seated relationship. 


SPCClCS or BLOOD 
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Fiq. 132. Sliowing how the Pfccipilm Test Is Pursued through lOO 
Tests m'tfa 10 Specimens of DIood from Different Animals and 10 Different 
Immune Sera Prepared with These Plood Specimens The shaded tubes 
indicate a positive precipitin reaction. 

(AfUr Bailey tn Scientific American, April 1937) 

Uhlcnhuth, tvlio did some of tlic pioneer work with the pre- 
cipitin reaction, has stated that absence of precipitin formation 
to a foreign blood is a fine indicator of biological relationship. 
It is impossible to induce formation of precipitins by injection 
of asses’ blood into horses and vice versa. Rabbits may 
precipitins to hares’ blood. Uliicnhuth, therefore, believe ^ 
ac. E. Bai)ey, Immunity for the Witness, Sci- Monthly, 156 (1937)t 
213-15. 
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hybridization of haras tvith rabbits was impossible Sonic of tiio 
lower species of monkeys produce precipitin® to human blood 
Kahn'^ PrectpUaOon Test for Diagnosis of Siiphilis. This tost' 
has won approval of immunologists for diagnosis of syphilis and 
has largely replaced the Wassermann test described below. It is 
a flocculation test in nbich only two reagents are required, scrum 
from the individual suspected of being syphilitic in which are 
antibodies and the antigen, the latter h alcohol soluble lipoids 
from normal mammalian tisauo usually beef heart Wlicrc the 
antigen is mixed with blood serum from a syphilitic, under 
conditions which must be left for later study, flocculation appears 
which finally results in a precipitate Mixture of antigen with 
normal blood serum tfrom an individual who l^ not syphilitic) 
remains ciear 

Results of the Kahn test arc reported by using an arbitrarj' 
combination of plus and minus signs, as follows' 

4* •!■ +• + ^lron^ pO'iii\e re.trhon (fo»r pla®) 

4* + + lev firoDR j>a*iUve reutjoa (ihree pliu)> 

4- 4- moderate pcy-jiivc reirtion (two plus). 

+ pa-itMO t»ul «tjk re«uoB (plii») 

4* — doul'tfut rc4i(ioQ <<lonl»tfuJ) 

— aogjtivc tcjttioD (ncRituc) 

OPSONINS 

Opsonins arc antibodies (immune botlic®, protective substancra) 
which prepare their antigens (bacierml rcll®) for ingestion by 
leucocytes or phagocytes The phenomenon of ingestion of the 
bacterial cells i« spoken of a® phagocyto«is or op-imification 
The antigen (bacterial cclUi is aUcred in some m-anner. making 
it easier lor the phnporyte® to ingest tlum When the hactcnal 
cells have been taken into the phapwyte-. tlicy arc di-'olve*!, 
prob.ably by enzymes. Ojwimn' are of «‘icmf»eanee in connection 
W'ltli the (liotuw’ of mimunity propo-wl by Met-rhnikofI 
Normal and Specific Opsonms. Normal t>er-ons (iho-c who 
have not had an att.ack of di-ea'C or rereixcd preventive inocula- 
tion) have opsonin® naturally pti'enl in tiieir blood Such 
<»p»onin« are, lioaever, ({Uitr oftcD »on-peeifir, .'•himing no .«prml 
nfiimty for any one micnnirgam-m In eontra-t with (he®c 
normal op®imm® arc tlio-c wbirh apjwar in tlic t.lood after infec* 
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tion or preventive inoculation. Such opsonins are specific, show- 
ing marked affinity for the anUgen (bacteria) which stimulated 
•their formation. 

Opsonic Index. Determination of the opsonic index js based 
on a desire to know the opsonic power (or opsonin content) of the 
blood of an individual who has either suffered an attack of 
disease or received preventive inoculation. Attempt is made to 
express this power numerically in order that changes in resistance 
to disease may be compared or that the results following adminis- 
tration of bactcrins may be determined. The opsonic index is 
the ratio between the average number of bacteria found within 
50 to 300 leucoc 3 des in a suspension containing bacteria, blood 
corpuscles, and the patient’s serum, and the average found in 
the same number of leucocytes in a corresponding suspension 
containing normal serum, the latter being taken as the standard. 
It is the quotient of the number of organisms in 100 leucocjies 
from the patient's serum, divided by the number in 100 leucocytes 
from the normal serum. 

Determinations of opsonic index arc less important today than 
formerly. Kolmer stated that the opsonic power of o normal 
person to most pathogenic bacteria varies from 0.8 to 1.2. 
Opsonic determinations, theoretically at least, should be of assist- 
ance in vaccination for determining the size of the do&es of vaceme 
and the best time for their administration. 

LYSINS 

Lysins are antibodies w'hich, when combined with complement, 
cause destruction of cells. In the blood, this combination o 
complement and lysin destroys bacterial cells and is spoken o 
as bacteriolysis. In a like manner hemolysis results m e 
destruction of red blood coipuscles (erjdbrocytes). orma 
blood from subjects w’ho have not had disease or receive 
ventive inoculation is known to be germicidal. This proper y w 
best explained on the basis of its normal lysin and 
content. Such l 3 ’sins, however, arc not specific but may « 
all bacterial cells. Specific or immune lysins may be , 
in the blood by some special treatment such as an mice ion 
pathogenic bacteria or inoculation with a baetcrin. As u 
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immune bodies, lysins arc specific and therefore probably play 
0 role in immunity. 

Complement Investigations have revealed that two agents 
are involved in lysis of cells. One, the immune body, is the 
thermostable component of an immune serum It is specific and 
therefore has some relation to the cells with which the animal 
was injected. The other component, coinpletncnt or alexin, is 
thermolabile (susceptible to heat) , it exists in the blood of all 
animals Complement is not specific 

These agents can be demonstrated by injecting a rabbit with 
red corpuscles from a sheep. Hemolysins for sheep’s cells are 
formed in the rabbit's blood. Presence of these agents can be 
shown by adding a little of the rabbit’s scrum to a suspcn.'sion of 
red colls from sheep’s blood, in a test tube. The cells arc dis- 
solved, and the suspension, turbid at first, clears. If the rabbit’s 
blood is heated to $7^C. first, and then added to the suspension of 
sheep cells, no clearing takes place This shows that heat has 
destroyed some agent uhieh is concerned in hemolysis. This is 
complement. Addition of fresh unheated blood scrum from any 
animal restores the ability to dissolve the red corpuscles of the 
sheep Blood of the guinea pig is usually used as a source of 
complement. 

Lysis, therefore, is not due to a single substance Two com- 
ponents exist, one complement, tthich is present in both normal 
and immune blood; the other, amboceptor, a specific immune 
body, existence of which is due to injection of some antigen 

Complement Fixation Tests. Lysins have been used for 
diagnosis of certain diseases If an individual is infected with 
a certain disease, his blood wj/I contain lysins which arc specific 
for the bacterium causing it. TIicsc tests arc known facts: 

1. Lytic sera (lysins) con'ist of (a) a hcnt«labilc component 
called complement and (6) a beat-stable component, (he immune 
body 

2. Complement not specific, is present in both normal and 
immune blood, and is destroyed by beat 

3 The lytic component is specific and reacts mth the p.iriicu- 
lar antigen 

The complement /tTnhon test has been used in the pa»t for 
diagnosis of d]»c3“C and, when applied to syphilis, is callc<l (he 
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Wasscrraann test because a German bacteriologist with that name 
perfected it. The test is made on a specimen of blood serum 
collected by the physician and sent to a laboratory. The follow- 
ing steps arc carried out. 

1. The patient’s scrum is licatcd to C0®C. to destroy comple- 
ment already present. 

2. Some of this heated (inactivated) blood scrum is added to 
the antigen. 

3. Complement is added. 

If the blood serum which the physician sent to the laboratory 
was from on individual infected with syphilis, tjic immune body 
will bind the complement to the antigen. Tlie problem now is 
to determine whctlicr this has been done. Scv’cral different 
observations might be made, but what is really done is to deter- 
mine whether the complement lias been used. This is done by 
adding red cells from sliccp blood and heated blood serum from 
a rabbit which has been injected with sheep cells; this latter will 
contain the hcat-stabic immune component of the lysins (hemo- 
lytic lysin) made in the rabbit against sheep cells. If the test 
is being made with a specimen of blood scrum from a syphilis 
patient, it will have the immune body in it. The complement just 
added will unite w ith it and (lie antigen. The complement, there- 
fore, cannot unite with the hemolytic lysin and the red coipuscles. 
The latter remain uncimnged and finally settle out. If the blood 
scrum came from an individual who did not have syphilis, there 
Nvill be no immune body, and the complement will be free to unite 
the red corpuscles and immune bodies (hemolytic lysin) in the 
rabbit blood. The blood cells arc dissolved and the tube turns 
to an even clear red color. This shows that the patients bloo 
was devoid of immune bodies for syphilis and that probably he 


did not have syphilis. ^ , t .• e 

Immunity in Virus Diseases. Attacks of certain of the uru 
diseases such as yellow fever, smallpox, mumps, poiiomyc i u, 
leave a pronounced immunity, for second attacks are rare, e.s 
is knonm about the mechanism of such immunity t an 
that from some of the bacteria-caused infections. ^ . 

reason to believe that they are markedly differen is 

and passive antiviral immunity arc recognized. e 
acquired by an attack of the disease, wbeift^^s ® 
bestowed by injection of antiviral sera. 
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Milk-Borne Immunity, Good evidence has been observed to 
show that mammary transmission of acquired specific immunity 
is possible in several diseases. These observations suggest that 
milk-borne immunity might bo possible with other diseases. It 
has been suggested on quite good evidence that the colostrum 
might be rich in immune bodies. 

Active and Passive Immunity, Two types of acquired im- 
munity arc distinguisliable, active and ■passive. They are 
definitive terras wliich nicely cover the facts. By active immu- 
nity is meant that which results from active participation of body 
cells themselves in defense of the organism. Passive immunity 
differs in that the body cells remain inactive or passive. They 
are not stimulated to form immune bodies of any immediate 
consequence. In active immunity the protective substances, or 
immune bodies, arc made by body cells of the patient or subject 
of infection; in passive immunity they are injected into the 
patient after they have been made in some other animal. Estsb- 
iishment of active immunity requires time (perhaps several 
weeks) and tlicrcforc cannot be used where it is necessary to 
secure immunity within a short time. Passive-immunity methods 
are used, then, especially for curing disease; whereas active 
immunity is used for preventing infection. Active participation 
of the patient’s body colls for the building of active immunity 
is secured bj* iniection of an antigen. These various agents and 
methods have been tabulated elsewhere. 

Active and passive immunity may be contrasted in the follow- 
ing manner: 


Acrn'E Immunitt 

1 The body cell? o/ the patient 
are activated to form immune 
bodies. 

2. Active immunity' requires the 
administration of an antigen 
with uhich to stimuhte /onua- 
tion of immune bodies. Is pro- 
duced by an antigen. 

3. Time U required for the appear- 
ance of immune bodies. 

4. Bacterins (bacterial vaccines) or 
toxins may be used. 

5. Active immunity methods are 
preventive or prophylactic. 


pASSn’E IxfSIP.VIIW 
J. The immune bodies are injected 
into the patient 


2. No antigen is required; immu- 
nity is produced by an antibodj . 


No tims is reil»irei! 
immune bodies are injected 
Antero mny be o'=<l I’®' 

itowing passive immunity 
Passive immunity methods ar 
lurativc tnsthods 
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METHODS OF PRODUCING ARTIFICIAL (ACQUIRED) 
IMMUNITY 

The various methods that may be used for bestowing artificial 
immunity to disease on an individual arc quite diverse. They 
are used to increase and add to the little immunity which one 
may possess naturally. Natural immunity might not be suf- 
ficiently high to protect a person if he received a large dose of 
microorganisms. Consequently, it is unsafe to rely on natural 
immunity for protection against infection. It may be augmented 
by the so-called subjective methods for the prc%xntion of disease. 
They arc more direct than the objective methods, such as disinfec- 
tion, sterilization, and pasteurization of milk, but, when employed 
in addition to the latter, give a person considerable assurance of 
freedom from disease 

An attack of Disease. General statements cannot be made 
about the grade of immunity resulting from an attack of disease, 
since conclusions are influenced by the disease In question as well 
as by other factors Perhaps in a few diseases satisfactory 
immunity follows infection Siieli may be the case in measles, 
as indicated by tlic following illustration Vaughan mentioned 
the c.xpcncnco of the inhabitants of the Faroe Islands with 
measles He stated that in 1781 measles disappeared from these 
islands and did not rc-appear until 1816 During this interim 
of 05 yc.ars not a single ca<c nas rcportc«l. Finally in 18^0 the 
disease was introduced, but none of tho«c who had the di«casc 
05 years before were infccte<l Tliis would seem to indicate 
permanent rcsi«t.ancc to measles. A few other diseases are in 
the same entegorj’ 

An attack of communicable di«ea«c pre«uppo«es the presence, 
in the body of the patient, of the mieroorgani«m<» causing it. 
Rncferia wliich have gained entrance naturally net n'« antigen® to 
eaii«e production of nntil>odies (immune bodies) in the same 
m.inner probably n« do dead bacteria (bnelerin®) which arc 
ndinini'terfd for production of artificial (active) immunity. 
Will) «nme di«ea«e«, one ntt.nck eeein® to have rcmlcrcd the 
individual free from reinfection Con«equrntly, it i« generally 
iK-Iicvcd that one may not b.a\c the di«ca*c more than once 
Purh a .«tntomcnt appear® in some text®, but it U not in accord 
witli the f.nct®. Recurrent C3®e® of d«®ea*c are not uncommon 
in the same individual. It should be stated ogain that immunity 
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is relative and not absolute. Massive infection, for instance, 
may overcome a grade of immunity acquired by an attack of the 
disease or by preventive inoculation. In a fetv diseases, however, 
it is known that an attack produces such immunity that recurrent 
cases are uncommon. 


Although It is possible to have gome diseases more than once, 
recurrent cases of other diseases are uncommon. When sometimes 
they do recur, the recurrence may be explained in different ways. 
It is possible for an individual to have diseases with symptoms 
very much alike. An individual may hove malaria, for instance, 
Kith a diagnosis of typhoid fever. Confusion is especially possi- 
ble when laboratory e.xaminations of specimens from the patient 
arc not made. Or the patient may have one of the paratyphoid 
fevers which have many symptoms in common with typhoid fever, 
although they are not so severe. 

Use of Attenuated Microorganisms. These are microorganisms 
which have been devitalized (attenuated) in some manner. They 
have not been killed but have lost their ability to function 
normallj'. Such devitalized bacteria have been used for increas- 
ing the resistance (immunity in individuals) . 

Attenuation by Animal Passage. This method of attenuating 
microorganisms was one of the earliest to be used. It is reason- 
able that injection of a microorganism into an unusual host would 
greatly alter the microorganism. Propagation of smallpo-x virus 
in the heifer causes attenuation or reduction in virulence. Pasteur 
ghowed that the \7rus or rabies could be strengthened by passap 
through an animal. This indicates that animal passage will 


increase as well as decrease virulence of bacteria. 

One of the most interesting cases of the use of an organism 
attenuated by animal passage was Friedmann's cure for tubercu- 
losis, an announcement heralded far and wide in lay literature 
and discontinuously over a number of years in German me ica 
journals. Friedmann proposed use of a strain of the tubercu osjs 
organism which had been attenuated by passage through a co 
blooded nnimal. The animal used was the turtle, and ® ^ 
strain became known as the turtle bacillus. The ni e 
Public Health Sendee invited Friedmann to come to Amenc 
demonstrate his treatment or cure. He accepted bu 
onstrations were not successful enough to warrant P 
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Friedmann's conclusion®.* Attenuation of the tuhcrculosU 
organism as Friedmann produced it, was not suflicicnt to allow 
the altered organism to be used as a curative agent. 

Virus Vaccines. These have been prepared for certain of the 
virus diseases by growing the virus on incubated hens’ eggs. The 
eggs are incubated for some 10 days or so until the cmbrj’o is 
well started. The shell is then punctured over tiie air cell and 
the inoculation made into the embryonic fluids. After the seed 
virus has been introduced, the slicll is sealed with paraffin and 
the eggs rcincubatcd. After incubation, certain of the fluids in 
the egg arc harvested and treated for use as vaccines. Develop- 
ment on the chick embryo results m reduction of \nrulcncc. Such 
vaccines arc used in yellow fever and influenza. 

Immunity Methods in Smallpox- Centuries before the 
Christian era the Chinese people observed immunity from dis- 
ease which followed an attack of smallpox Consequently, they 
attempted to confer immunity by artificinl inoculation. They 
rubbed some of the smallpox virus into the skin or placed the 
scabs in the nostrils. Such practices caused mild eases of small- 
pox wliich left the individual immune, it was found, however, 
that the disease could bo spread as easily from these eases as 
from those which were naturally infected. The history' of small- 
pox has been briefly touched on in the first chapter. The prepa- 
ration of the vaccine virus w til be described now 

Preparation of Smalli’ox Vaccine ITrus, Vnceinc vims is a 
living agent winch must be propagated in or on some living 
material. In former times, it was secured from the arm of a 
person who had jii-t undergone a successful vaccination. This 
method was u-cd almost exclusively before modern melhods of 
producing the vims were perfected; it has been said that citizens 
of Uichmimd, Va., were n«keil to be vaccinated during the Civil 
War in order that a supply of vims be available for siddiers of 
tlie Confederate army. Objections to such a practice arc appar- 
ent. In some ca-cs other disca«es were tran«mitted from the 
person from whom the virus wa® taken to the person on whom 
It was desired to be«t(iw immunity. Other method*, which are 
now used, for the preparation of a safe sati-factoiA* vaccine \ims 

^The of llir-r itrnsotv'lrations arc foir-soj in I’ 5 I\b llralsK 

Srrivf, llvff W 
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had to be developed. Healthy heifers arc now used for the 
propagation of the vaccine virus. They arc held in a receiving 
stable until qualified veterinarians pronounce them free from 
diseases to which the heifer is subject; during this detention period 
they are aiso subjected to fahoratory tests and other c.rainmations 
which cause them to be either rejected or admitted to the next 



Fio. 133. Removing Smallpox Vaccine. (CourleSff FarKe, Dana & Cc.) 


Elsht dai0 after a vaccine heifer has been fooeulated with "eeed viruB.** the heifer 5s 
and, after prolonged urigatioo of the vaecina'ed area, ibe vaceine pulp u collected and 
transferred to sientued containers. 

stops in the production of vaccine virus. If they are healthy m 
every respect, they are shaved over the abdomen and thoroughly 
washed and sterilized Tliey arc then taken to the operating 
room where they are prepared for inoculation. ‘The animal is 
placed on the operating table in such a manner that the areas on 
the ventral portion of the body which arc usually used are expose 
for vaccination. The operators then make linear incisions, taking 
care that blood is not drawn. Glycerinatcd vaccine virus is t cn 
rubbed into these areas ; tliis DWterial is spoken of as “seed ' 

The heifer is then kept under rigid sanitary conditions ^ ^ 
virus grows. The stables are kept strictly sanitary by attendants 
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who are constantly on duty. At the end of this period, during 
which the vaccine virus has grown, the lines are found to be 
covered with small white vesicles which contain the virus Dur- 
ing their growth, all scabs arc cleared away as they form in order 
that none may be collected with the virus. When the virus has 
grown sufficiently the animal is etherized and placed on an 
operating table, and the vaccine pulp is scraped off and trans- 
ferred to sterile containers. This vaccine pulp is then taken 
to another room where it is thoroughly mixed and treated with 
glycerol and sterilized distilled water. The material is ground 
and thoroughly mixed, after which it is stored before it is prepared 
for the market. 

Smallpox virus i« oxammeel just ns carefully before marketing 
as arc the other biological products. These tests include labora- 
tory examination for the presence of aerobic and anaerobic bac- 
teria and animal inoculations to rc\cal presence of undesirable 
bacteria The animal which has been used for preparation of 
the vaccine virus is carefully posted by veterinarians after the 
vaceme pulp has been removed. In thi^ manner tlic manufac- 
turers do cvcr>’thing po«-ible to make certain that the material 
comes from healthy animals. They examine the product as well 
as the animal from which it was collected. 

Duration of Itmnunity after Smallpot Vnecinc Inoculation. A 
teacher frequently hears the question, “How long i.s a person 
immune after preventive inoculation for smallpox?” Jenner 
stated that a person is immune for life after succes'ful inoculation. 
^Vc know this to be untnic, and today more guarded pt.atement3 
arc made This matter has been dibcu-scd by Gillihan,* whose 
nrtirlc should be consulted by those who desire a longer diseus'ion. 
lApericncc today -re ms to indicate lli.it several succe-sful inocu- 
lations at (IitTcrcnt age pcrioila, a.^ iluring tlic first year of life, 
at about tlic age of seven, and finally during adole«Penre, will 
protect (he Fiihjcct for life. In Gennany two succc««ful in(*ciiln- 
turns are r«(juire«i hy law, one before the elnhl has re.irhed tlie 
age Ilf one year and the scrond before the age of 12 Tins prac- 
tice sefins to have Jtanii>rd out the di^e-i^c in Germany Pliysi- 
eians have to go great di-t.inecs to see a ca«c of «millpox, and 

* \ F Gill liin, Diifstirtn of Immnnitv Followinc Mo-Jera J^msllpot 
Vurfinr Inficuloion, Am J I’u’i //kUiA. 17 WT,-U 
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many of them never sec one. Fortunately, this is becoming the 
situation in the United States. 

Reasons for Failure in Attempted Smallpox Inoculation. 
Various reasons have been advanced to explain ivhy a person 
sometimes cannot secure successful inoculation or why it may 
require many attempts before one is secured. Deteriorated vac- 
cine virus may be one reason; faulty technic on the part of the 
practitioner may be another. Some individuals may be naturally 
immune. Gillihan described the immune reaction which practi- 
tioners should look for before stating that the subject is naturally 
immune or has acquired suflicicnt immunity to prohibit successful 
inoculation. lie quoted a report that in the Orient, on account 
of the virulent type of the disease, reinoculations are made in 
immunized persons until no reaction at all is secured to the virus. 
It IS also quite probable that some people never reach such a 
state of resistanco. TJio author just quoted reported a case of a 
physician in a vaccine plant in England who had to give up this 
occupation because his liands frequently became inoculated with 
the virus, and the inoculation (vaccination) ran its normal course 
eacli time. IVe must distinguish, of course, between immunity 
to vaccine virus and immunity to smallpox. 

Attenuation by Abnormal Temperature. This method was 
used by Pasteur for preparation of anthra-x vaccine. Badllus 
anthracis was incubated at 43®C., instead of 37®C. A culture 
which originally killed 100 per cent of sliecp inoculated U’ith it 
did not kill any after incubation at 43‘’C. for 10 or 12 days. The 
higher temperature of incubation had devitalized the culture. 

Attenuation by Prying — ^Pasteur TreatmeBt for Rabies. This 
method is best known in connection with preparation of the agent 
used in the so-called Pasteur treatment of rabies. Pasteur 
two terms for the viruses which lie prepared. The ^ 
from a naturally infected dog was called "street virus , & 

wiiich had been exalted in virulence by passage through suscepti- 
ble animals was called "fixed virus " We have to use the 
term virus, for the etiologic agent in rabies is not known 
Pasteur treatment involves the use of this j 

material to be used in the inoculation to prevent rabies is 
as follows: , , , 

Rabbits are inoculated with a fixed virus which has 
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from another rabbit Just before the inoculated rabbit should 
die (about the eighth or ninth day), it is killed, and its spinal 
cord IS removed aseptically. Tins cord is tlien cut into short 
pieces which arc suspended over potassium hydroxide under 
aseptic conditions. Pasteur found that storage of spinal cord 
under these conditions caused it to become so dry that it was 
no longer infectious Consequently, he started the prophylactic 
treatment with an emulsion of spinal cord which had been dried 
for H days. About 0 5 centimeter of the cord was ground in 
sterile physiological sodium chloride solution. This constituted 
a dose. Subsequent doses arc 0.5 centimeter of the cord dried for 
decreasing periods. Touard the end of the treatment, after 18 
days, the patient receives spinal cord nlncli has been dried for 
only three days In this manner a person wlio has been bitten 
by a dog believed to be rabid may shmly have his iinmumty 
raised. The material nilh nhich this has been done has been 
of increasing virulence. 

Whcthcp a person needs the Pasteur treatment or not depends 
on the circumstances. The situation is often this. A person may 
bo bitten by a rabid animal or one wliieh showed symptoms of 
rabies. If there are abra«tons in the skin, the problem is much 
worse. The situation is often made more complex by the shooting 
of the suspected animal. In such a case the subject has the 
alternative of taking the Pn«teur treatment or taking the risk 
that the animal was not infected with rabies. Health authorities 
arc united that the suspected animal should not be shot but 
kept for observation by qualified persons. If it later shows no 
symptoms, the Pasteur treatment ncc«l not be taken by tho«o who 
may ha%c been bitten. If the dog is killed, the head sliould be 
sent to a reputable laboratory for examination. Tlio laiiorator)' 
worker examines the brain of the animal for Xcgn’ bmlics which 
have been found to be prc«enl when the animal i« infectnl. 

Thc<c bodies arc found in the protopla«m of nen-e cell*. They 
are round or oval in shape but arc U'ually irregul.ar. Tlicir site 
18 influenced by their location in the nc!wou‘» system, and the 
stage of the di'ca^e, a? well as the animal from w Inch they come. 
Xepre l)odic< have become important in diagno'is of r.abics. They 
were once bchcve<i to have cliologic relation to the di!ia*c, but 
this 13 no longer l)rhc\cd. 
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The history of a case of rabies is so well portrayed by a nen's- 
paper report published in 1927 (hat pertinent portions are given 
here: 

Compasffion for a homeless dog shivering outside his police booth in 

Brooklyn cost Policeman his jjfe The poheeman 

was bitten by the mongrel and considered the wound so inconsequential 
that ho disregarded it. - — was on duty when the dog approached, 
df.aggtfjg an injured leg The mercurj* registered eix above zero and the 

dog nhincd from cold and hunger. opened the door of his police 

booth into which the animal crept. entered, and ai he started 

to stroke the dog it snapped e-avagely at its benefactor. The policeman 
sprang back, but the mongrel’s icolh cut through the cloth of his uniform 
and nipped him near his groin. The slight scratch scorned so trifling that 
he said nothing and soon forgot the incident. Two months to a day after 
he had been bitten, he hrat fe)t paio aod began to deivhp ej’mptoing o5 
rabies. He showed extreme hypcrcxcitability and was unable to swallow 
Five days later he was taken to Che hospital where he died after continued 
convulsions. An examination of the brain showed the presence of Negr6 
bodies 

This is ft typicftl cftsc of rabies The length of the inoculation 
period may vary. Some a uthors hftfe reported periods of incuba- 
tion of several years. 

An attenuated strain o! M{/cobaclcriim tuberculosis has also 
been prepared by drj'ing. The cells arc dried in scaled tubes and 
then used as a vaccine or baclcrin. BJack-Jcg vaccine is also 
prepared by drying it above S5®C. for 7 hours. 

Attenuation by Weak Antiseptics. Weak antiseptics also have 
ability to weaken organisms. Chambcrland and Roux reported 
that Bacillus anthratis could be attenuated by being grown in 
media containing 1 port nf carbolic acid per COO parts of medium 
Another more recent example of attenuation with weak antiseptics 
might be Calmette’s and Guerin’s work with Myeobadmum 
tuberculosis. 

BCG Treatment for Tuberculosis Prevention. This procedure 
was devised at the Pasteur Institute The letters represent t e 
words "Bacillus Calmette Guerin”; the last words commemorate 
the work done by Calmette and Guerin, workers in the institute 
laboratories. Tlie vaccine is a living strain oi Mycobacteriurr 
tuberculosis (bovis) which has been rendered avirulent y 
passages on bovine-bile medium. The vaccine is prepare 
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transferring the organism from the bile medium to a syntlictic 
medium on which, after about 3 weeks, it has developed with a 
heavy film, the clear subnatant liquid is removed by a pipette. 
Glass beads and a little dextrose solution arc then added to the 
bacilli which remain m the flask, and the mass is cmul«ificd. This 
mass is then diluted so that each 2 milliliters contain 0.01 gram of 
bacilli. This is a single dose which is fed to infants in milk. 
Three succcssuc doses were advised for each infant at 2-day 
inteiwals. Each dose is approximately 400 million attenuated 
bacilli. This method was criticized, and administration by sub- 
cutaneous injection followed Later intmeutaneous injection was 
recommended and u«ed in animal experiments. Guerin reported 
that mortality of infants betnecn the oges of 1 and 12 months is 
one half less in those nho have been than in tho-c who have not 
been vaccinated In families in winch tuberculosis exists, the 
morbidity is eight times lc«5 m infants who have been than m 
those who have not been vneeinated. nciicw of the argument* 
for and against the BCG treatment mu«t be left for advanced 
courses. It may bo said, bonever, that tins method of preventing 
tuberculosis represents the culmination of the life work of a 
revered scientist who died in 1033, Albert Calincltc. Whether it 
accomplishes all that its proponents claim is still open to question. 
Its use in gnuips for which little can be ilonc by other mclhoil? 
has been recommended 

Besides the various ehenneal reagent* winch have been u®cd 
for attenuating micfoorgani'm*, light has al-'o been U'cd. In 
tearcbing for methods for attenuating the lubcrculo*!* organhm, 
V and Mine Ilcnri u«cd ullraMoIet light The result.* have not 
been salisfactnrj’ It is definitely e?tabh«hcd that ultraviolet 
light dc-troys bacteria, one may wonder why it may not be u«cd 
for attenuating them. 

Use of Nonlethal Doses of Living Bacteria. This method, 
although theoretically po*«ibIe, would be a difnctilt one to ctmtrol 
with many microorganism*. It is verj* dilTicull to determine how 
many lncten.a! reIN .arc necr««arj' to eaii'C disease Some reports 
stale lint a* few a* one cell well eau-c infeetion. The <ltlcr- 
niinmg factor* pro!i.ably are the re«i«tanre of the ho-t anti the 
Bggrrf'ivc pt>wers of the imcroorpani*m It i* po-^ihle that one 
cell of a vinilint orgain-m mtglil be pven lo a subject with |on 
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resistance and cause a serious infection. The safe method, if 
Jiving organisms are to be used, is to employ an organism which 
has been attenuated in some manner. Living bacteria may be 
responsible for immunity of many of us to tuberculosis. Until 
recently, surgeons who performed many autopsies reported that 
practically everyone was, at one time or another, infected with 
tuberculosis. In many cases the lesions had been sealed off 
by nature and were inactive. This situation seems to have 
changed somewhat, however, with introduction of better 
methods for preventing tuberculosis- One, of course, is 
pasteurisation of milk and eradication of infected cattle from 
dairy herds. 


Active Immunity by Injection of Dead Bacteria (Bacterins). 
Dead bacterial cells may be used for bestowing active immunity. 
The cells must be destroyed in a certain manner; else their ability 
to stimulate the body cells of the subject to form immune bodies 
will be destroyed. These products are known as "bacterins" or 
bacterial vaccines and are used as agents in active immunity. 
Bacterial cells to be used as bacterins are usually killed by heating 
at 60°C. for one hour. The temperature is kept at this point 
because a higher temperature will destroy the antigenic properties 
of the bacterin, Bacterins, or bacterial vaccines, cannot be used 


for conferring passive immunity. 

Preparation of Bactenns {Bacterial Vaccines). Bacterial cells 
used in the preparation of bacterins are grown in pure culture on 
the surface of solid media such as plain agar. The medium is 
usually contained in broad shallow flasks in order that there be 
as much surface area as possible. After growth has occurred, 
the cells are washed and scraped off in sterile physiological sodium 
chloride solution. This suspension is then thoroughly shaken to 
break up clumps and yield an even suspension. About 0.1 pCt 
cent of tricresol is added to the suspension, which is counted an 
diluted. Two suspensions are generally made; that for the rs 
injection contains 500 million cells per milliliter; the tno su 
sequent injections 1 billion cells per milliliter. T c owes 
concentration constitutes the first injection; the heavier 
sion is used for the second and third injections. It is necess 
to distribute the injections over a period of time 
adiministration of all the cells (2.6 billion) at once vou 


too great a reaction. 
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Confusion frequently exists in students’ minds over bactcrins 
and antisera. These products may be contrasted as follows 

B^CTEniNS Antitoxins (Anti'slrO 

1. Used in Bcti\c immunit3 1 Used m pxssive immuDil> 

2. Prepared from hacteri.%1 celU, 2 Prepared in the body of come- 

usually killed by heal animal, usually a horse 

3. Used to prevent dL«ca*e 3 Usual!} a'ed for cunne dbeaso 

4. Used m diseases in which the 4 Used m diseases in which etio- 

etioIoRic agents form mtraccllu- lope agents form cxtnrclluhr 

hr toxins toxins 

5. Time required for establishment 5 Immunity almo-'t immediate 
of immunity 

Stock Bacterins and Autogenous Bacterins. Two types of 
bactcrins or bacterial vaccines arc used; one is called a stock 
bactenn and the other an autogenous bacterin. A stock bactcrin 
is one prepared in large quantities by manufacturers and kept in 
stock at depositories They are prepared m the manner previ- 
ously outlined. In order to increase the value of such bacterin*, 
manufacturers have used a large number of cultures or strains 
of the same microorganism This yields uhat is knoitm ns a 
poli/i’olcnf baetcrin. 

An autogenous bactCrm is one prepared from the organi«m 
causing the infection. It is reasonable to expect n bactenn pre- 
pared from the organi«m uhicli cnu«es an infection to be more 
specific than a slock bactenn. Tlic organism is i«olatc(l from 
some excretion and propagated in pure culture, and a bacterin is 
prepared in the .«amc manner as the stock bactenn*. This h 
frequently done in infections of Uuls. A little pu* from n IkuI 
is sent to the laboratory The bacterium caii«ing the infection 
is iholatcii, and a bactenn is prepareil with it Tin* bactenn 
is injeclcil into the patunt from whom the pus was reerned. 

The rclatno advantages and <li-a<lvantagc3 of stock and auto- 
genous bacterins arc apparent from the previou* di«cu«*inn 
Stock bacterins arc less c.xpcn«i\e and arc available in a short 
time. Aulogenim* bactirins mu-l be prepared from material 
taken from the nihjecl to whom they arc to be ndmini«ternl. ami 
from 3 to 5 days arc iMUally requircil to make an nutngenou* 
bactenn and test il for purity and stmlity An objection that 
can be brcnight ngain-t (be autogenou* bactenn* i« nrgatril by 
the fact that they arc more ri>criric and guc the Ik-*! n-ult*. 
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Tlic bactcrins, or bacterial vaccines, are known as saline 
bacterins because tlio cells are suspended in physiological sodium 
chloride solution. Tlie best practice for administering saline 
bacterins is to give three injections as outlined. Iii times of 
peace, or wlien there is no emergency, this method may be fol- 
lowed, but in time of war, or other great emergency, it would be 
more satisfactory to be able to immunize with one injection, 
Consequently, in order to be able to use one injection and to 
ovoid the reaction which usually follows when a saline bactcrin 
is administered, during World War I the cells were suspended 
in oil {olive, cottonseed, and so on), to give what was known 
as lipobacterins. The use of lipobactcnna, however, was dis- 
continued after the war. The comparative studies which have 
been made fortunately indicate that the saline bacterins are 
superior to the lipobacterins. 

Results of Prophylactic Inoculation. These are most striking 
for typhoid fever in large militar>' units. Prior to 1910, when 
antityphoid bactcrin was first used in the United States Army, 
from 20 to 100 in cverj* 10,000 soldiers had t)’phoid fever. In 
tw'o years vaccination had reduced Us incidence to three in e\’ery 
10,000. The first IVorld War demonstrated on a larger scale 
that vaccination for typhoid fever was of great value. During 
the Spanish American War, 250,000 men were mobilized, 20,000 
of whom had typhoid fever; 2000 of them died. In the first 
World War about 4 million were called into service. For every 
one case in our first World War Army, tliere were ISO cases 
among soldiers in the Spanish American war. During times of 
peace, even less typhoid fever occurs in our army. Experience 


in the civilian population is just as satisfactory. 

Duration of Immunity. How long docs immunity last a ter 
preventive inoculation? This question cannot be answere 
directly because there arc many factors which influence le 
answer. In the first place, probably no satisfactory me o s 
exist for measuring immunity in any units that could e use . 
Individuals vary greatly in their response to preventhe 
tion. Usually, soon after the first two injections o 
bacterin, immunity to typhoid fever is manifest. ^ ® ^ 
of army officers are quite reiisWe in this coMection. Y 
late so many individuals under controlled 
have a better opportunity to study this question 
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civilian medical officers of health. Army officers believe that 
immunity to typhoid fever begins to decline after 2 to 2V£» years, 
but may last longer since incidence of typhoid fc^c^ among 
inoculated troops is low even after 4 or 5 years. 

Reasons for Failure of Preventive Inoculation. The fact that 
immunity is but a relative matter and may not always prevent 
infection should be stressed. Numerous reports arc available m 
medical literature, especially that of the war pcnotl, dealing witli 
outbreaks of typhoid fever among those n ho had been inoculated 
These outbreaks should not be used as arguments against pre- 
ventive inoculation, since there are satisfactory cvplanations. 
Some of them arc discussed here. 

Injcrior Bacterm. If tlie bactcrin has not been properly pre- 
pared, it cannot function as a good antigen or agent with winch 
to stimulate formation of immune bodies Bacterial cells winch 
are to be used as bactcrins shouUl not be killed above a tempera- 
ture of C3" to 05®C ; the temperature is u«uaily kept below C0®C. 
They should also be storc<l m a cool place, although it is known 
that this is not an important factor over a short tunc. 

Mistaken Diagnosis. Another possible reason for failure is 
giving the wron^ bactcrin Some diseases arc verj’ much alike 
Typhoid fever and tlie paratyphoid fevers have symptoms in 
common. A person may receive prophylactic inoculation against 
typhoid fever, for instance, and later have pnratyplioid fever or 
even malaria; the diagnosis may l>c typhoid fever. 

Massive Injection. It has been mentioned before that im- 
munity should be regarded as rcl.ativc and not an nb>o!utc means 
of disease prevention. Everyone po-ses^es a certain amount of 
natural resistance. This may lie rni-ctl by inoculation to a level 
whereby there is no susceptibility to onlinarj' (lores of bacteria 
Massive do«cs, however, frequently overcome such immunity, 
causing infection. Tins explanation lias been given during recent 
Wars for ca'cs of typhoid fever among inoculated tn*op«. 

Iioxrcrcd Itcs\stancc. Fatigue, hunger, and the like help to 
lower a person'? resistance in mfeclion Tliey may so lower it 
that the immunity received from inocuLation i« overcome. 

Failure to Bespond to on Antigen S'mie nnimals do not form 
immune liodies in response to an anticen Tlic same situation 
may exist in human lieinz*. Hvin though the baclrrin may be 
satisfactory, the individual m.ay not ih-velop immunity. 
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Sensitized Bacterins. These are Jcnon*n as serofaacterins or 
sensitized bacterial vaccines. They are made by mixing the 
bacterin mith immune scrum, alloffdng the mixture to stand for 
24 liours, and then washing the cells with physiological sodium 
chloride solution. The bacterial cells arc then suspended in salt 
solution, standardized, and put up in packages for distribution 
Such ceils arc said to be sensitized because they have absorbed 
from tlic scrum certain agents called amboceptors which cause 
them to be more easily destroyed by the body cells of the indi* 
viduai. Tlicir use is somewhat limited. ■' 

Active Immunity by the Use of Bacterial Extracts. This is a 
broad topic which covers a number of products prepared from 
bacterial cells. These materials were introduced because it was 
believed tJiat tlic immunhing portion of the cells could be secured. 
Tlicy have not yielded much success. The tuberculins arc, per- 
haps, the best examples of such preparations. 

Tuberculin. In 1890 Robert Koch announced the discovery 
of a substance in cultures of Mycobacterium tuberculosis, n-hich 
caused a specific reaction in those who were afflicted with tuber- 
culosis. Ifo further stated that this substance, if administered 
over a sufficiently long time, would cure the disease. Would that 
further experimental work had confirmed thisf The next year 
Koch's work was repeated by Bujwid, who proposed the name 
tuberculin for this agent. This name was adopted by Koch. 
Immediately after Koch announced the curative properties of 
tuberculin, it was generally administered but without the success 


reported by Koch. 

The tuberculin test is a test of sensitiveness of tissues to tuber- 
culoprotein So far ns is known, the only agent which can render 
the tissues of the body scnsiUvo is Mycobacterium tuberculosis. 
When the tissues are sensitive, good evidence is at band a 
tubercle formation is present in some stage of development. s 
long as foci of infection are present, the test will be positive. 

Several different types of tuberculin arc known. The firs one^ 
now spoken of as “old tuberculin” to distinguish it from tu 
culin prepared by modified methods, was prepared rom 
cultures of Mycobacterium tuberculosis. The ^rgani^ 

grown 5 or 6 weeks on a 5 per cent glycerol broth. A er 

the culture was concentrated to about one tenth o i 
volume and filtered through sterile filters to remov 
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This “old tuberculin” contained, then, besides glycerol, the sub- 
stances which were in the cells of MycobacUmim tuberculosis, 
the products of metabolism, undecomposed medium, and so on 
Use of Tuberculin tn Diagnosis * Tuberculin has enjoyed some 
use as a diagnostic agent. It may give indication of the presence 
of tuberculosis in individuals where other methods arc unsatis- 
factorj*. When tuberculin, in comparatively large amounts is 
injected into uninfected individuals, no symptoms result. \\'hcn, 
however, it is injected into an individual suffering from this dis- 
ease, there is malaise with headache, backache, and a distinct 
rise in temperature. A local reaction is also secured at the site 
of the injection. The lost was once believed to be valuable 
among infants and young children because it indicated infection 
earlier. Later it was observed that it did not indicate so much 
as was once believed, for many of the infants never developed 
symptoms of tuberculosis. It Is used, especially, to detect 
tuberculosis in cattle. Animals which give rise in temperature 
after injection with tuberculin are said to be “reactors” and arc 
believed to be infected 

Von Pirquet also used tuberculin in a skin tost to show presence 
of tuberculosis infection A little tuberculin is applied to a 
scarified area of the skin, a positive test is indicated by a red- 
dened area varjung from a local hyperemia to on inflamed area 
Another test, the Calmette test, involved the addition of a little 
diluted tuberculin to the eye of suspects; the appearance of a 
congested condition indicates the presence of tuberculosis. 

METHODS or PASSIVE (ACQUIRED) IMMUNITY 
Tlic methods of passive immunity, ns indicated before, rest 
on the administration of antibwlics, or immune l»odie«, which 
have been made m another nnim.il. Methods of active immunity 
had to be used with the animal. Tlir body cells in the human 
being to whom the immune bodies are ndmini?terr<l remain p.i*- 
eivc and arc not concerned with the immunity which is immedi- 
ately established. Tlicy arc not stimulated to form their own 
immune bodies. Such immunity is also pa«sivc in the sen*c that 
it is not so perm.mcnt as nctnt? immunity. It disappears more 
quickly. 

^ Tul>crfulin. a Report of a Confrrrnre on lu .^tandanliijlioa. V S 
lltalch S<nAcr, Aupp.' ffrptt S7, tffX 
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VARIETIES OF IMMUNITY 


Two types of antisera are used for the bestowal of passive 
immunity, antibacterial sera and antitoxic sera. These have 
been discussed before. 
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CHAPTER 31 

BACTERIA IK PLANT DISEASES 

Plants like other livinR organisms arc susceptible to attack by 
microorganisms and viruses Just as there arc departments and 
bureaus in government organization for the study of diseases of 
man and animals, so also, are there departments and bureaus for 
the study of diseases of plants. Diseases of plants’ cause great 
losses to agriculturists, and c\erj' attempt is made to fight them. 
The literature has become voluminous and h reviewed m several 
books, eomc of which arc hstc«l at (he end of this chapter. Only 
a general statement for the student is attempted here. The dis* 
cussion may he organized in ihfTcrcnt ways, however, a few- 
common diseases of 8c^ oral plants arc ihscusscd under the hcail* 
ing of the type of infection which is caused. 

Anderson gave the general symptoms of diseases of fruits ns 
follows: 

1. Spoil fin Lenvea or Sterna SpoU with more or Ics« rejmhr outlmm 
appear on ihc mirface^ of the loave« Such arc callcil leaf rpoH If 

the central de.ad area dropa oiit, a ehot*ho1e effect « prcxliicctl Eramplr* 
I.eaf epot of cherry ami bieteria! ebol hole of jx-ach Similar epoU may 
sppear on the item, aa in raepbero’ onthraenwe 

5 ll'i/t or Wight The fBdi of branches, or the entire plant, will or die 
rather euddcnly without the lca\n falling ^fnmpirf Twig blight of pear 
and apple. 

3 iVI/otf, Sickly Foliogr Tina may or may not be followcti by defolia- 
tion or death of the plant or branchea tnaoI«e<l A condition of thi< nature 
mually indicatea eomr trouble with the root r)«tem or crown of the tree 

i Dfjoluttion, or D'op}»ng ol Ltaira /Jxom/dr Cheny- leaf »pot 

6 Until Yellow or oranRe-eolore*! epot* on lraxr«. fniil, and twic*. 
without death of the Jio-t Uviiea, ore often caii-ed ha ru-t fungi f'mmpiri 
Orange ni"t of blafkbrrnea and apple m«t 

C MiUrie A white or fraai^h growth on the eairfaee of Ihe haaea of 
>oiins thootj" M pf(iilu'-'‘'l ba the maerlia of ecriiin ♦uj'crfirial fungi, the 
poxclrry nih/e«t. Tl.rre n at'O a cl*M of i/oicnir mif./ric* wf.i h prcvliier 
a more drive gn)vh growth usually ron^nr.| to a »*nall area 

»r 1. .Ctraeiv Tl-e n«Ufif>n of Plant Patl i»Vr« to Ilunun Welfare. 
An J Uotany. S (IWl).3lS.22 

am 
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7. Spots, Blotches, or Scab Areas on the Fruit. 

A Bots on the Fruit. ITsua/iy starting as a minute water-soaked area 
the rot spreads and frequently invoh'ea the entire fruit. Rots may be soft 
or firm, dry or wet, dark or pale, or may vary between these extremes. 

The Student who is especially interested in these diseases will 
find an interesting discussion and illustration for all of these 
symptoms in Anderson’s publication. 

BLIGHTS 

This is a fitting disease with which to start a discussion of 
specific plant diseases because it was the first definitely proved 
to be caused by a bacterium. Several common blights are dis- 
cussed in the following paragraphs. The symptoms are given in 
each instance. 

Pear Blight or “Fire Blight.” This serious disease of pear 
trees also attacks the apple and quince and occasionally the 
plum. Although the actual loss frohi this disease is difficult to 
determine, Anderson estimated that it averages yearly 25 per 
cent of the potential bearing power of the trees in the United 
States He stated that frequently 90 per cent of the blossoms in 
an orchard ore blighted, and the loss of entire orchards is not 
uncommon. 

Fire blight is apparently an old American plant disease since 
it is known to have been observed in 1794 in orchards along the 
Hudson River It seems to have spread rapidly over the United 
States and Canada, foi/owing quite cfoseiy the development of 
orchards. 

The organism causing blight of pear trees ^’as discovered by 
Burrill at the University of Illinois in 1887. The organism was 
finally named Bacillus amylovorous. According to the new 
classification which has, in general, been followed in this boo * 
the name is Erwinia amxjlovora. The generic name in this case 
memorializes one of America’s great plant pathologists ^ 
death occurred m 1927, Erw'in F, Smith of the Bureau of 
Industry, United States Department of Agriculture. T e ac 
terial parasite lives in the host but does not seem to be ^ 
to unfavorable conditions. Consequently it docs not survi\ e o 

in dead tissue. During the winter it remains dorman . 

of the host. During the spring when the host is again ac ’ 
bacteria muJtipJy rapidly, and many appear in a stic sc 



BLIGHTS 


673 


from the lenticols. This material is then distributed by insects, 
and the disease is spread Undoubtedly, other methods of dis- 
semination exist, but the one just mentioned is an important 
natural one. 



Fio. J3I Thir JlUghl of tl><? I’l-w f-Uiwinj: (.TiidirR I)n>p »l a (A/:rr 

,l I ‘ 

Illicht of tiic pr.-ir i« rharacttrir««l bv bhnrkenins; of the Ir.avc« 
and nl«o of ilic bark on ymins: mij:' Urra\i«e the leaf »*t bark 
npjK’ar* Inirncd, the d(«<3‘c hi» nl-o la-in callrd ' firr Idicht " 
All v.nrictus of tlie pear are fU-cepliWe Tiie blo-^om* iiny nI*o 
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mrt'o? ‘'’o kumquat. Any 

part of the tree above the ground may become infected. The 

0 frmrfTf spotting 

of fruit and foliage. Infection usually appears as small light- 

bron-n spots from loss than M o to of an inch in diameter The 
spots arc nsuaily round and may either occur singly or run 
together, forming irregular areas. The spots are raised above 



surrounding healthy tissue and are composed of a spongy mass 
of dead cells covered with a thin white or grayish membrane. 
On the leaves lesions first appear as small watery dots with 
raised convex surfaces. Sometimes spots appear on bo^ sides 
of the leaf. The spots may also appear on twigs and fruit. 

Citrus canker is a bactenal disease caused by an organism 
called* PAi/towonas citn The parasite is found in great numbers 
in the spots or lesions.- When these spots become moist from ram 
or dew, the bacteria are exuded in masses. These cells may t icn 
be disseminated, and, when they come in contact with the ten cr 
tissues of twigs and fruit, new canker spots are formed. 



HOTS 


677 


The disease is fought by complete destruction of all infected 
trees and a strict quarantine against the introduction of suspected 
stock. 

Bacterial Leafspot of Celery. This di«ea«e’ is confined to 
celery in New York and Michigan Its cau'C has been named 
Phytomona$ apjnt Tlio spots are a ru'^iy-hrown color, irregular 
in outline. Cli.aractcnstic spots have been reproduced by inocu- 
lating healthy plants with the organism 

Bacterial Spot of Tomato. Tlii« is a t\pical plant disease* 
affecting the fruit, stern, and leaf It occurs nn all \arictics of 
tomatoes ns well ns on peppers The organism causing tin*! 
disease has been named Phytotnona» en/otn Foliage infection 
is stomatal and folloT\s ■-praying the parasite over tlie foliage 
Fruit infection results from injiiiy. mature fruit, ho^^c^c^, is not 
susceptible, probably on account of high acidity The organism 
lives over the winter on the seed 

Bacterial Leafspot of Delphinium. Tlw* di'ifl'C* is charnc- 
tonzed hy furm.ation of tarry, black spots «*n leaves, stem*, or 
flower buds Tho'C spots may be one centimeter across and so 
numerous ns to occupy olii»»'t the entire leaf Bacteria enter the 
tis«uo by way of the stomata and water porr* The orgam-ni 
whicli causes this di'oa«c has been iiol.ated and named /iortenum 
dclphinn It has not been found to infect other plants For 
control It was 8ugcc«ted that all di-en-e material be burned and 
the soil be sprayed with Bordeaux mixture. 

ROTS 

Tlie«c, ns the name mihcatr«, arc th-tnictive dcennip<t«itinns 
of plant ti*'uc. Many ha\c bc-cn described, but only a few arc 
ron»nicreil hi re. 

Cabbage Rot Tlic name of thi« divja-e inthcate* the major 
rharacteri'-tic-' It i« a \er>' •!« <itnicti\e ili«(a'e of c.abbage and 
cauliflower The rhief diagnn*tir rliararteri'lic of tlie di*i.n*c is 
nppcaratirc of black streak- in the wiKidy jhtrtmn of tlie stim and 

^ 1 (' JifR-'r, Iliclrriil Di-rtsc of CVlrn, J dyr Jltitmeh, 31 

ll«n, ISi-S 

"M \V (l^nlirr anil J 11 Krmlncfc. Btelmil >[M)l of To-njlo. / As' 
Unrn’rh.iX (IWl). J2T -V. 

•M K m-vin. Il»ii«fut Iy*f*j«t of IV’jl n.nm J At' 3S 

^U-TO 
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in the leaf stalks. An epidemic of the disease occurred on Long 
Island in 1895-96. In some cases entire fields were destroyed. 
The disease usually appears late in July or when the more 
advanced plants of late cabbage are beginning to form heads 
The first symptoms include appearance of wilted condition and 
lighter green color. Black streaks arc visible in many of the 
water-carrying fibrovascular bundles. The upward movement 
of water carries the disease up into the leaves. When the bundles 
supplying a portion of the leaf becomes infected, the leaf dies 
for Jack of water. 

These symptoms arc due to growth in the tissue of an organism 
Phytomonas campestris. That this is the real etiologic agent is 
evidenced by the fact that Koch's postulates may be fulfilled with 
this organism and healthy plants. The organism is apparently 
able to live in soil, although attempts to isolate it have not been 
entirely satisfactory. 

Stewart and Harding*® mentioned at least 3 avenues through 
which the bacterium gains access to the plant, wounds, cuts 
caused by feeding insects, and by infection through the water 
pores. 

Satisfactory methods for combating the disease are not known. 
Certain investigators have advised removal of all affected leaves 
at hecpicnt intervals, but Stewart and Harding found it worthless 
for a number of reasons. Such treatment retards the growth of 
the plant; infection occurs through the roots as well as through 
the leaves; lastly, infection may occur at the base of the leaf close 
to the stem and infect the stem. 

Cauliflower Rot. This disease was found to affect cauliflower, 
turnips, and cabbages in an area about Guelph, Canada. About 
40 varieties of turnips were tested, all of which w'erc more or ess 
susceptible. This disease was characterired by typical 
and softening, which need not be described here in great e m • 
Harrison*®* isolated an organism to which the name 
oleracea was given, as the etiologic agent. It repro uce 
disease when inoculated on healthy plants, and in t is mann 


Koch's postulates were fulfilled, 

10 F. C. Stewart and H A. Harding, in N- T- 


1903. See also Wisconwi Agr. Exp Sta. Ruth 65 olmcta) 

loa F. C. Harrison. A Bacterjal Disease of Cauliflower 
and Allied Plants. Cent. Saki., Pt. 11, 13 (1901) 46^5, 184-19S 
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Soft Rot of Carrots. This disease was described by Jones in 
1909. Carrot rot is similar to that of other vegetables Carrots 
were grown on a field on which they had never been grown before 
so far as could be determined. During haricst an occasional 
root was found to have rotted, but during storage rutting in- 
creased, The same situation was experienced the nc.\t year 
The roots showed a rapidly progressing soft rot hich had app-ar- 
cntly begun either at the crown or at the root tip, progressing 
rapidly tlirough the core Tlie decaying portion was found to 
be softened and brown in color This decayed portion was found 
to be swarming with bacteria and cultures indicated almost 
a pure culture. Sound carrots inoculated with this organism 
decayed rapidly. The organi'm was studied and named Ertcinia 
carotovora. As remedial measures, Jones advised avoiding use 
nf susceptible plants an<l contaminated compost or manure. The 
surfaces of the roots should be nlhmcd to dr>' thoroughly before 
storage and benefit Mould ensue if they were allovied to he as long 
a? possible to sunliglit. The temperature of the storage room 
should also be kept os low ns possible without freenng. 

Soft Rot of Muskmclon. This disease” was dUcovered in 
an experimental field. The season had been dry followed by 
hcaiy rains Tlie melons cracked, furnisliing excellent portals 
for the ctiologic agent to enter. The succulent ti"Uc, of course, 
made a good mc<Iium on which bacteria couhl grow Soft rot 
resulted, beginning on the umicr side of tbe fruit and spreading 
rapidly. The skin became shrunken over the infected area* but 
was generally unbroken. When the melon collapsed, there was 
frothing and disagreeable odor The organism causing tbi« soft 
rot was leolafod and named Knetma mclonts That tbe orp.sn- 
ism was tbe cau«e of (he soft rot seems to bn\c been confirmetl 
by the fact that inoculation cxiKriinents reproduced the di«ca«e 
In thi** manner Koch’e p<istulatc3 were fuJfillctl 

WILTS 

Sweet Com Wilt. Thi« di*ea«c w.x* wdl df‘Cfll>rd by 
Stewart,” to whom tin* b'»ok i« indebted for ibe following fact* 

J Girllinc*. A Safi Ilcl ««f Mn t>j 

/uj n .Ij*’ Ft? /l»f/ U\ >910 

«r. C .‘•iririft. A D.M-ve of Corn, .V. Y As' Ft? 

Ala PJ; 130. 1S‘J7 
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The affected plants wilt and dry up without apparent cause. 
This generally occurs about the time of flowering. The mo.< 
distinctive characteristic of the disease is seen when the stem is 
cut lengthwise. Tlic fibrovascular bundles appear as yellow 
streaks in the white parenchyma; in plants which have been dead 
for some time, some of the bundles may be black instead of 
yellow. Wlicn the stem is cut crosswise, a yellow exudate 
appears; this contains bacteria. The bacterium causing this 
disease was not named by Stewart, although he proved its 
etiologic relation to the disease. 

GALLS 

Galls arc large tumor-like growths which appear on certain 
plants. Largo losses liave been suffered by nurserymen on 
account of the disease which, in plants, is probably due to a 
bacterium. 

Crown Gall. This disease is characterized by the formation 
of galls or tumors usually on the scion just above the roots. 
They vary in size, depending on the host as well as the conditions 
which exist in the several hosts. The disease is also known as 
"root knot” and “iiairy root.” This disease occurs on a great 
variety of plants and is not always on the crown, for any part of 
the the root or siioot may be attacked. Young tissue seems to be 
more susceptible to attack than older plants. Smith stated that 
by repeated inoculations over a scries of years plants were 
obtained which seemed to be more resistant to infection. This 
part of the investigations was not satisfactory but suggests the 
interesting possibility that immune reactions may occur in plants 
as well as in animals. 

A bacterium by the name of Phytomonas txmefackns is known 
to be the cause of crow'n gall. Smith and his colleagues prmc 
the infectious nature of the microorganism in many inoculations 
The parasite has been shown to occur in the primary tumor an 
also in secondary tumors. It grows well on ordinary media u 
gradually loses its virulence. The microorganism seems ® 
able to exist in the soil, and attempts should be made to keep e 
land free from it. ,, 

There seems to be no satisfactory method of contro img g • 
Anderson stated that cutting off the tumors was not re la , 
because internal strands existed which could not be remove 




Fio. 130. Showing Crown Gill on A. A|.pto, »nd B, 
AtvifT$«n, I9X} 


Analopy Between Crown Gall of Plants and Animal Cancer. 
Hvidcncc of till* nnalopj- was reporttd by K K. Smilhr who smec 
1907 has been an ardent supporter of the theiir>- of re«cmbl.nnce 
l>ct«een cnn\-n pall and animal cancer. At fir-t thi« proixi-'.al was 
not nrrcrm.i by plant p-atliolopi-ts and mcd.c.al men but to^y 
it is fupiKirteil to a con.idorablc extent by many of them. The 
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solved, and yet go into solution in sufficient auantity to prevent the develop- 
ment ol the /ungus. Frequency the proWem is /urtfier complicafod by the 
fact that a spray mixture which w'ill not mjuro one kind of fruit will eeri- 
oasly damage another. Thus, apple trees may be sprayed with solutions 
W'hich would seriously miure peach Irera. 

5. Cutltnff Out and Datroying Diseased Parts. Frequently the disease- 
producing orgaDism is carried over winter on some part of the host, as for 
example, in cankers on the limbs. Again, diseased fruit or leaves dropping 
on the ground may harbor the fungus over winter and fum«h a means of 
reinfection in the spring. Such “slarlcrs” should be destroyed insofar as 
is practical. The labor involved in some eases is so great as to make this 
method impracticable. 

3. /toiaiian of Crops. This method of control i? ba.*ed on the fact that 
many fungi lu'c in the soil or on decayed parts of the plant which cannot be 
conveniently removed If the crop on which the di«case occurs is followed 
for a year or so by crops not subject to it, the fungus frequently dies out to 
a kirgo e.xteaf. This method is not eo applicable to a fruit crop as to vege^ 
table and field crops, since the former is scarcely ever a yearly crop. Crown 
gall of raspberries and certain rots can frequently be controlled in this 
manner. 

4’ Avoiding Regions Where the Dtsease Prevails to a Destructive Extent. 
Orchards planted on land rcccofly cleared frequently fuller fcyerely from 
Armillana root rot. Such locatioas should be avoided. 

6. Sclceling or Crccdtnff Discasc’Ilesi^tanl Vorielics. It is a matter of 
Common knowledge among fruit growers that some varieties are much more 
prone to "take” a disease than others. Almost all parasites show th» selec- 
tive action; for exarnple, Jon3tb.in apples Might much more sexerely than 
Grimes or Ben Davw, One soon comes to the opinion that this or that 
\ ariety has in it an inherent quality which makes it more or lers subject to 
a certain disease. Although m the main this is true, there are frequently 
striking exceptions to any general slafcmenl regarding the rclatiie rtaistance 
of a variety. 

It should not be forgotten, however, that there docs exist a varietal 
rwistancc among most fruits, and the selection of varieties for commercial 
orcharding should be governed by this fact as well lus by the rebtn e mar 'et 
value of the s-ariotics It would, for ca.nmple, be unwise to plant Smit 
Cider apples in a region where blotch is prevalent, or CumbeTlaad rasp- 
berries where anthmenose is known to cause eerious daroage, if other equaUy 
good resistant \-arielies could be used. . 

There are few varieties ivJiich are alwoJuteI>* immune to a disease, 
lively speaking, however, those vanebes which are highly r^tan 
to bo "free” from the disease, and from a commercial standpoint t&ey ar 


a large uuiuLnii v* ..u- ' . _ , 

number of years by members of the horbcultural staff of the 
ment Station. 
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0. Dcstroyinff the Host Plants Whtch Harbor One Staffc of the Parastfe. 

Pcstniction of the red cedar to prci'cot the devcJopinent of apple mst m 

BQ example of this metfaod of disease cootrol. 
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BACTERIAL LITERATURE 
The "literature" of a science consists of all publications dealing 
with it. Two general groups of publications arc available. The 
first, consisting of textbooks and similar volumes, may be passed 
over without much discussion for they arc based on the publica- 
tions in the second group The latter group, consisting of scien- 
tific journals, proceedings of the learned societies, monographs, 
and such, constitutes the final basis on which knowledge in the 
science rests. Books, unless they report data from research 
investigations, are founded on such literature Research workers 
the world over arc recording their data in such publications to 
which other investigators must go. Writers, also, have to resort 
to these sources for information. This would be well illustrated 
for the introductory student if he would page through a volume of 
the Journal of Baclcnology. fie would notice published papers 
on a great many different subjects 
A few of the more important publications in both groups are 
£3ven below: 

Gioup I: Textbook) 

Aixev, P W., Imlastna] Fcrmrntntioiv'. Chemical Catalogue Co., New 
York, 1930 

AxitjucAN Co, The Canned Food nefercoee Manual, 230 Park Avc, 
New York, 1913 

Andchmv, C. G , An Introduclion to naelenolopcal Chemi«to’, 2d Edition, 
William Wood A Co, Baltimore, 1015 
Bursru-, G. A , Manual of BiolofO^, 6th EdiUon, Macmillan, New York, 
lOtl. 

htu, V, Ikscntials of Bactenofosr. T'’* D- Satindcr* 4 Co, rhiJadcIphis, 
1910. 

lUcjiQurTNEX. J G, Canned Food.* — an Introduction to Their Microbioloo’, 
J. and A Churrhill, London, 1013. 
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in foreign-language journals are abstracted in English. The fol- 
lowing is an example: 

Afadrvffa, M Cojuiderofoea em lomo da Salmonella typhimmum.. 
{Notta on S. t.) Bol. lost. Vital Braail 25:34-40. 1943^A Salnovella, 
able to mfect guinea pigs and mice mocukted "per o?,” was isoblcd irnia 
pleural pus and fcccs of a person with fatal infection. It possessed the 
morph., staining, biochejn-, and acrological characteristics of 5. typhima^ 
nwn.-^A Braga 

The following arc useful abstract journals, 

Abstracts 0 / Bacteriology (Now rontinutd ns Biolopical Abstracts). 

Chemical Abstracts 

Bioto^icat Abstracts. 

Experiment Station Record. 

Bulletin dc I'InsiUulc Pasteur. 

Before the present abstract journals had been founded, bac- 
teriologists and biologists used *‘Jahresberichls'* (annual reports). 
These consisted of abstracts of scientific articles published during 
the year. Two such were; 

Baumgarten’a Jabresberiebt iibcr die FortschriUe in der Lehre von dea 
Pathogenen Mikroorganismen umfassend Bacterien, PiJze, und Protosoen. 

Koch’s Jahrwbcnoht uber die Fortschrjtte in der Lehre von dea 
Githrungsorganumcn. 

JOURNALS AND PERIODICALS 

In such journals are published results of original investigations 
as scientific articles of different lengths. A few of the more 
important ones are : 

American Journal of Pwbh'c Ifealth. 

Annaks de I’lnsltlule Pasteur. 

Archi'y fur Ilyfficne 

Archives 0 / Biachemtslry. 

Bacteriological Revhm. 

Biochemical Journal. 

British Medical Journal, 

Compfes Rendus des Seances de VAeadimk dcs Science*. 

Complcs Rendus des Sionees de la SoriSle de Bio ogis. 

Food Re&carch. _ , 

Journal of the American iledicol Association. 

Journal of Bacteriology 

Joumnl of Biological ChemiaUy. 

' Journal of Dairy Scicnee. 

Journal of Hygiene. 
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Journal oj Infccliotta Dacaseg 
Journal of Medical Heecarch. 

Journal oj Patholosjf and Bactertolom 
Lancet. 

Zentralblatt jur Baktenohgte. 

The journals listed containing results of original investigations 
arc published at regular intora’als, that is, \\cckly, semi-monthly, 
monthly, and so on. Another type of periodical has become 
popular and valuable during recent years. Tins contains concise 
and exhaustive reviews of several subjects of timely interest 
prepared by authorities in the respective fields of specialization 
Such reviews correlate and offer interpretations of the many 
individual investigations reporte<l in the current literature Sev- 
eral such journals arc published, probably the more important 
one for bacteriologists being Bactcnological Iievicti;8 Chemists 
rely on Chemical Itcviexis. 

A modification of the review journal has also become popular 
more recently Several reviews of timely interest arc published 
yearly in book form, each review being a comprehensive exami- 
nation of current literature Such publications of interest to 
students of the biological sciences are: Annunl licvicu’S of Dio^ 
chemistry, Anniiof Rcvietcs of Physioloov, and Arfyonccs in 
Emymology These books ore the counterpart of the "Jahres- 
bcrichta" appearing several years ago except that they are the 
results of collaboration by several collaborators. 

Much valuable scientific literature appe-irs ns bulletins of 
the many state agricultural experiment stations ns well ns of the 
United States Department of Agriculture Tlicsc frequently 
contain information of more practical nature but often report 
results of original investigations. 
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Anastomosis: A union of hoDow organs or cells. 

Angina; Feeling of suffocation. 

Antagonism: Antibiosis; opposition. 

Anthracoid: Like anthrax. 

Anti-: Prefix meaning against. 

Antibiosis: AnUagonisra ; a harmful aasonation of one or more organisms 
Antibiotics; Agents which are inimical to pathogenic bacteria; especially 
tho«e formed by fungi. 

Antibody; An agent m the blood of animals which reacts with (destroys in 
some ca.5cs) other substances called antigens. 

Antidote: A preparation given to counteract a poison. 

Antienzyme: A substance counteracting the action oi enzymes. 
Antileinseatative: Prc\cnt]nff fermentatioo. 

Antigen; A substance which, when injected into animals, stimulates the 
appearance of antibodies or immune bodies. 

Antiseptic: A ^ub<itance which rcprcjiscs the dei'elopmcnt of microorganisms. 
Antiserum: A preparation from the blood of animals (usually blood serum) 
ivhich contaiaa epcciRc immuDe hod'ics. 

Antitoxin: A scrum which counteracts a toxin. 

Antizymotic: A substance p^c^cntlQg fermentation. 

Arthritis: Inflammation at a joint. 

Arthrospore: A spore form which includes the entire cell. 

Asexual: Noi sexual. 

Ascomycetes: A group of fungi. 

Aseospore: A spore formed in an n.<cus. 

Ascui: A sac-Iike structure in which ascosporcs are borne 
Asepsis: Absence of microorganisms or septic material. 

Aspergillosis: An infection m which an aspcrgillus is the ctiologic agent. 
Assimilation: Sue Anabolism. 

Atrichous: Without ilagclla. 

Attenuate: To devitalize or weaken. 

Autogenesis: Self-production. 

Autogenous: Seff-produced; for vaccine one prepared from organism caus- 
ing infection. 

Autoinfection; Self-infection 

Autointoxication: Self-poisonmg by poimns formed within the body. 
Autolysis: Self-digestion. 

Autotoxin; A toxin or po^on originating within the body. 

Autotrophic: Bacteria which arc able to gel along with carbon dioxide an 
inorganic salts 

Azymous: Without fermenting agents; unleavened. 


Jacillicide; An agent which destroys bacilli. 

SacilUform; Having the sliape of a bacillus; bacillus-hke 
Jacillosis: A state of having bacilh present 

Jacillus; A genus of Schizomycetes, rod-shaped; forming endaspor 
Jacteremia: The presence of bacteria in the blood stream. 
Jactericidal; Destructive to bacteria. 



GLOSSAItY COl 

Bacterin: A bacteria! vaccine, au^pcnsion of dead barfernl cclU in oil, 
eafine, etc. 

Bacteiiolysin: An immune body which dts-iolve; bacterial celt* 

Baeteroid: Growth forma of Rhtzobtum IcguminoTsarum (Bacillus radi- 
cicola). 

Biogenesis: Genesis of living beings from linng beings 
Biolysis: Decomposition by living beings 

Bios: An accessory substance euppikctl to be neces'arj for growth of j'casta. 
Blanching: A preliminary step in the canning of foods 
Blastomyces: A genus of fungi reproducing by budding 
Bovine; Having to do with cattle. 

Brownian movement: OcCilIatoiy movement of particles, not a transloca- 
tion in space. 

Canker: A diseased area in the bark of trees and shrubs 
Capsule: A mucilaginous envelope surrounding certain bacterial ccll<. 
Carrier: An individual who harbors and excretes pathogenic bacteria 
Catabolism: Breaking down of body tissue 

Catalyst: An agent which alters the speed of a reaction which is going on 
' cry slowly. 

Cell: A bit of protoplasm with a nucleus 

Ceitifled milk: Milk produced under a legal contract between a dairyman 
and a Medieai Mdk Commtvtoa 

Cesspool: A contrivance tor the anaerobic decomposition of the organic 
matter in sewage 

ChcmoaBalytle: The breaking down of complex eompoundi releasing energy 
Cbemosyethetie: Synthetic reactions utilixmg energy* from ehemieal change^ 
Cbemotsxis: Ucaction of an orgaoi'm to clicmic.aL<, may be po>ilivc or 
negative. 

Chlorination: Addition of chlorine; u.<c of chlorine in di'infection. 
Cbromogealc: Forming pigments 

Cbromoporons: Colorless bacteria winch secrete a pigmented compound 
Chronic disease: A diseve of slow oa'Ct nnd progre.si 
Cilittm: A thrcad'liLc appendigc by wliwh certain mieroorgini.'nw propel 
thcmsclv es 

Class: A division in clavifie.ation of living bcinp*. a group of onirn 
CUisificatlon: A systematic, reasonable arrangement of data or facts 
Coagulation: Clotting 
Cocens; A round bacterial cell. 

Coenoeytie: Non.*cptate structure of molds 

Colnmetla: The central axvs of the spore ca«c alioul which the conidu sre 
formed in mold* 

CommuBicable disease: A d^ev'c whirh mav tie Irawmittcd 
Complement: A heatdabilc siib'tanre found in bloo<! 

Coaidiopbore: A thmd nr stalk l>eanne eoaxlia 
Conidinin: An a<cxual spore formed by fungi 

Conjugation: rroocjva m wlucb two cell* (gvmele*) unpr, with clnner of 
cell contents 



602 


GLOSSARY 


Contact: Exposure to a communicable disease. • 

Contagious disease: A disease believed to be transmissible either by direct 
or indirect contact. 

Contamination: Infection with septic matter. 

Copulation: Act of sexual union. 

Crenothrix: A genus of Schizomycctes. 

Cryptococcus: A group of pathogenic ycast-Iike fungi. 

Crystalloid: Having to do with crystals. 

Cycle: An orderly succession of the various stages through which elements 
are made to pass. 

Cyst: A resistant sac-like structure 
Cytology: Science of cell theory. 

Cytoplasm; The protoplasm ia cells. 


Decay: Arabic decomposition of protein matter. 

Denitrification: Reduction of nitrates with liberation of nitrogen. 
Desensitize; To rid of euscptibiJity of anaphylaxis 
Dichotomy: Division into two parts; dichotomous branching. 

Digestion: Breaking down of foods for passage through cell wall 
Diploeoccus: Two round cells with the adjacent surfaces somewhat flattened. 
Dissaccharide: A sugar composed of tvfo molecules of monosaccharides. 
Disease: An abnormal condition of body or mind. 

Disinfect: To destroy infectious matter. 

Dissemination: Spreading of pathogenic organisms 
Dissimilation: See Katabolism. 

Double Seam: The closure applied to a tin container for preserving food. 
Dysentery: Inflammation of the intestinal mucosa; bloody stools. 


Effluent: That which flows from. 

Endemic: Disease which is always present. 

Endo-: Prefix meaning inside. 

Endospore: A spore formed in a cell. 

Energy: Power to do work. 

Enteric: Having to do with the intestines. 

Enteritis: Inflammation of the intestines. ^ • k- . 

Epidemic; An unusual number of cases of communicable disease wiimn 
restricted area and time. 

Epidemiology: Science of spread of communicable diseases 
Erepsin (ereptase): An enzyme which hydrolyzes peptones to amino a 

Etiology: Science of the causes of disease. 

Exhaust; The procedure in canning foods by witch it is aliemple 
remove air from the food before the can is closed. 

Extra: Prefix meaning outside. 

Extracellular: Outside the cell. 

Extraneous: Foreign to the consideration. 

Exudate: A substance thrown out; pus. 


Facultative: Not obligatory; indifferent. 
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Pimilie^ A group of tribes; names of families end in aceae. 

Fanna: The animal life of an area. 

Feenndation: Fertilization. 

Ferment: See Enzyme. 

Fermentation: Anaerobic respiration. 

Fertilization: Impregnation. 

Filamentous: Thread-like; made up of threads. 

Filar: Filamentous; thread-like. 

Fission: Reproduction by division. 

Fixation: The act of holding fast. 

Flagellum; A whip-hke appendage on a cell. 

Flat sour: A type of spoilage of certain canned food«; formation of acid 
without gas. 

Flora; The plant (bacteria) life of a substance or area 
Focal: Having to do with a focus or point 
Fomite: An agent, usually inanimate, by which infection is spread 
ood: A substance which may be used for growth or repair by living 
organisms. 

Fruiting body; A complex, spore-bcariog structure, usually with a definite 
shape. 

Fungns; A plant of simple structure lacking rhlorephyll. It has no root, 
stem Of leaf and reproduces by spores, u-ually b.<cxusI in nature. 
Fusiform: Spindle shsped. 

Gamete: Any sexual reproductive body 

Osogrene: Death of tissue usually accompanied by putrefaction. 

Garget: Inflammation of tissues lo cow’s udder. 

Gastric: Having to do with (he stomach 
Caitritis: Inflamraatiou of (he stomach 
Geloae: Agar-agar, or the Rclsbumg principle thereof. 

Germ: A microorganism. 

Germ tube; The first shoot formed in the germination of a fungus spore. 
Germicidal; Destructive to gernK. 

Germination: The process of gcrminatiDg; the beginning of vegetation or 
growth in a seed or plant; the first development of germs cither animal 
or vegetable. 

Gland: A secretory organ. 

Globnlin: A group of proteins. 

Growth: Increase in cell mass. 

Haptopbore: 'That portion of toxin molcculo which bind them lo l)o<lv 
cells. 

llealtb: State of well-being in body and mind 

Rcllotropiin: Reaction of living organi*m.« lo light; rhrmolvxi* indure.1 by 
bght. 

Hemolysin: The epccifie l)ein which des*lrojii rc'l blood corpuwlc#. 

Hemolysis: Dwtruction of red blood corpuwlcs (eO'Hirootc*) 

Hemolytic: The properly of caudng hrmolysie. 
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Heterotrophic: Said of bacteria which cannot use inorganic nitrogen and 
carbon for growth 

Uoznogcoeous.' Uniform throughout. 

Homologous; Having the eamc function. 

Host; A Jiving agent on which another lives aa a parasite. 

Humoral; Having to do with the natural body fluids. 

Hydrolysis; Decomposition by means of water. 

Idiosyncrasy; A peculiarity^ said of those especially eensitivc to certain 
proteins. . 

Immune bodies; Agents in the blood and tissues of animals which arc 
responsible for immunity. 

Immunity: PosaeArion of resistance against specific infectious diseases abo' e 
the ordinary. 

Immunize; To confer immunity. 

Inactivate; To render inactive; to destroy. 

Incubation: Tliat period in di.sc.x«c between exposure and the first symp- 
toms; also, the procedure in the ciifturc of microorganisms by which 
their growth is favored by proper temperature- 
Infeet: To communicate pathogenic organisms. 

Infection: Entrance and growth of a parasite in a host. 

Infectiosity; TJic degree of infectiousncsa. 

Infectious disease, A disea.«m secured by infection with a living cell. 
Inflammation: Condition of tuques in respOQ'^o to irritation, accompanied 
by heat, pain, swelling, etc. 

Infra; Below, beneath; under; after. Often used in prefix. 
Infusdibuliform: Funnel-shaped. 

Inject; To force into. 

Inoculation: The introduction of material such as a virus into an animal 
sj’stem 

Intercalary; Placed between. 

Intoxication: A poisoned state of the blood. 
latrscejlutsr: IVithio the cell 
Intramuscular: Into the muscle. 

Intravenous; Within a vein 
Invertase: Ensyme which inverts cane sugar 
Involution; Return to type, a retrogradation 
Isogamy: Sexual union of two gametes of equal size. 

Isolate: To separate an mdindual from others. 

Isotonic: A solution having the same density as any cell under atu y- 

KaryoWnesu: Indirect (mitotic) din’sion of cells 
Katabolism: Breaking down of body tissue 

Lactase; The enzj'me which acts upon lactose 
Laryngeal: Having £o do vrith the }aryT*^ 

Lesion; A change m the tissues caused 1^' injury or disease. 

Lethal: Deadly, poisonous, fatal. 
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LeneocTte: A white blood corpuscle 
Lipase: The enzyme which hydrob'zcs fats 
Liquefaction: Com ersion of a solid or scmi-olid into a liquid 
Lobate: Provided with lobes. 

Lophotriehons: Tuft of flagella at one end of the cell 
Lysin: A cytolytic substance in blood scrum 
Lytic:' The property of dissolving cells. 

Macro-: Prefix meaning large. 

Macrobiosis: Long life. 

Malt: Partially germinated barley, rich in amylase 
Mash: A decoction of grams or fruits 

Medical Milk Commission: A committee of ph%‘!ici\ns for the control of 
the production of clean milk; certified milk 
Medium: Foo<l materials upon which microorjranismi arc grown 
Metabiosis: The dependence of one organism on anothir, a pirlnl p>m* 
bio.«is. 

Metabolism: The proeei^scs by which food i.< altered b\ hung organi«m« for 
growth and energy. 

Metatrophic: Bacteria which u.«c organic matter 
Micro; Prefix, meaning small 
Microbe: A microorganism. 

Micrococcus: A genus of Eiibacterialea, an I'obtol round cell 
Micrometer: An instrument for mea.«tmng microscopip objccU 
Micromillimeter: One millionth of a meter, a rouron 
Micron: One ono-thoa«andth of a millimeter; about one iwenty-fi'e thou.** 
andth of an inch. 

Microscope: An in<lnimont for Mowing mu rc^iopie objiel* 

Mil: One cubic centimeter 
Mille: One tlioa«.and. 

Mitochondria: Granules in animtl erlk* 

Mitosis: Indirect di'^ion of the mieleii*', l..nrAoktTie«i< 

Monilifonn: Beaded. 

Monosaechailde; A sugar which cannot Ih* 'plit inlo rimpbr riigir* 
Monotricboos: One flagellum at one end of the cell 
Morphology: Science of the rhipc and rinicture 
Motdity: .\bilily to moac about 

MuUiplleation: Increase in numWr of indiMduil* m .a ciilliire o niirrcH 
organism* 

Most: nipre'<‘od juice of the grajHr imf«rmctilc»l 
Motalion; Change in property. 

Motoaliim: S\mbic*‘H 

Mycelium: The colton-like etmctiire of thread* of a funn* 

Mycology: The fcirncc of fungi 


Necrosis: Death of cells in liamg tl«nie 

NUrlfication: Oxidation of ammomuni compound* to nitrates 
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Obligate: Necessary 

Oospore: A sexual spore of downy mildew. 

Opsonin: An antibody in blood aennn whicb stimulates phagocytosis. 
Order: A group of families. Names of orders end in ala. 

Organic; (.Different mcamnoa.) Said of substances derived from living 
organisms. 

Osmosis: Passage of liquids through membranes 
Oxidase: An ensymo which brings about oxidations. 


Pandemic: A world- or nation-wide epidemic. 

Parasite: An organism which gets its living from another. 
Parthenogenesis: Development of an organism asexualJy (from unfertilized 
ovum). 

Pasteurization; The heating of liquids, usually milk, to temperatures below 
the boiling-point. 

Pathogen: A disease-producing nncroorganism. 

Pathology: The branch of medicine dealing with (he structural or functional 
changes in the body due to disease; the science of disease. 

PcUucid; Tcaasparent, not opaque- 

Pepsin (peptase): The enzyme which changes proteins into peptones. 
Peptonization: The process of converting into peptones. 

Peritheciain: An ascus-bcaring fruiting body. 

Perltonis: Inflammation of the peritoneum. 

PeritrlchOQs: Having flagella around tbc cell. 

Phagocyte: A white blood celt which ingests foreign cells. 

Phagocytosis; The ingestion of invading bacteria by phagocytes 
Photosynthesis; The building of complex suhstancct by the energy in light. 
Phylum: A division of the plant and animal kingdom. 

Phytozoon: A zoophyte; plant-animal. 

Plasma: Fluid portion of the blood. 

Plasmolysis; The removal of water from a cell causing death. 

Polar: At the end. 

Pollution: Making impure; presence of extraneous matter. 

Polymorphism: Many shapes or structores 

Polyvalent: Applied to a bacterial vTiccine composed of many slrains of the 


same organism. 

Postulate: An established truth; a law. 

Precipitin: An antibody which precipitates or throws down its antigen. 
Preservative: An agent which repressea spoilage of foods, 
process: The attempt to sterilize canned foods by heat. 

Proenzyme: An incompletely formed enzyme, u 

Preferment: A substance from which an enzyme is formed or a bu 
which is necessary for its action. 

Proliferation; Multiplication of celb. 

Prophylaxis; Prevention of infection. 

Proteolysis: The hydroli’sis or decomposition of proteins 
Proteolytic; Having the power of hydrolyzing proteins WBPfkel 

Protista: A group of lower plant and animal forms propo.«e > 
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Prototrophic: Bacteria utilizios morginie eub^taoccfi one] organic carbon 
Pseudo*: Prefix meaning false. 

Pseudoglobnlin: One of the proteins in globulin; the other is cuglobulin. 
Pseudoplasmodinm: A temporary enclling 
Pseudomonas: Geniu of Eubactcrialea with polar llagella. 

Ptomaine: A nitrogenoiu base formed in putrefaction 
Punctuate: Having numerous points 

Pus: Liquid eubstance eonsisting of cells and waate matter formed in cert.ain 
kinds of infiammation. 

Pyemia: A ecpticcmia characterized with the formation of internal abscesses 
Pyorrhea: Pus formation, nccrosu of dental alveoli. 

Quarantine: Bcstrictions placed on premises and persons where diseases 
exist. 

Racemose: Like a bunch of grapes. 

Ramose: Branching 

Receptor: That part of a cell which anchors roatenab to it 
Reproduetion: The formation of offspring by living agents. 

Reticular: Network c<]n<tru<(ion. 

Retting: The procc.« by which linen « made from flax. 

Rlmous* Cracked, with fkvurcs 

Saccharification: Cinnec to sugar. 

Sanltariao: A public health officer. 

Sanitary: Promoting health, clean 

SaatlUtloa: Art of securing ami maintaiomg a eican environment. 
Saprophyte: An orgint'm living on dead organic matter. 

Sehlzogony: Bcprodiirtion by multiple fi.v>ioo 
Scbizomyerlrs: Pivion fungi. 

Science: An orderij arrangement of facLa; cla.\*ifie«i knowledge. 

Selerotlum* Tlic bhckv'h m.aM formcil by some fungi 
Scorn: Surface growth 
Sedimentation: The act of setiimg out 
Sentitiie: To render ren-Kivc or anaphylactic 
Septate: Having ctckm walU 

Septicemia* A cii«ei.«isi condition eau»etl by the development of pathogmir 
liaclrns in the lilomi, eo-ealied bloml poisoning 
Septic tank: A contrivance m which the eohd matter in sewage w dccom- 
|xaacd b) anaerobic bacteria. 

Septum: A wait 

SerodtaEBoili. niagno«vs with the aid of eera. 

Serology: Tlie eejenre of cli*rvc diagnosw and Imtment witli eera 
Serum: Tlie flunl portion of the Idood 
Sewage Tlie wvie miller in rewem. 

Sewerice* ^J••!cm of puvK, etc . for carrying aewage 
Sexual I'ertaining tores 

Sheath. A cyl.ndnfil iu)«e aurro’iadmg o’gw« or erRi 
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Soluble; Capable of being dissolved; also used to designate penetrability of 
enzymes through a membrane. 

Species; Part of a genus. 

Specific; Having a special function. 

Spiiillam; A genus of bacteria, rigid spiral-ahaped cells. 

Sporangiophore; The hypha or mycelial thread which bears a sporangium 
Sporangium: A membrane containing asexual spores. 

Spore: The resistant stage in the cycle of some cryptogams. 

Sporulation: The act of forming sporea. 

Sterile: Free from living agents. 

Sterilization: Destruction of all living matter. 

Stratiform: Formed in a layer. 

Streptococcus: A genus of cocci; chain of round cells. 

Substrate; The material upon which an enzyme or fermenting agent acts 
Suppuration; Formation of pus. 

Susceptibility: A disparition to take disease (living agents, protems, etc.). 
Swell: A can of food with bulged ends. 

Symbiosis: The harmotuous living together of two organisms. 

Thallus: Applied to plant structure which is devoid of leaves, stem, and 
roots. 

Therapeutic: The use of a substance in cure of disease. 

Thermal: Pertaining to heat. 

Thermolabile: Susceptible to heat. 

Thermopbile: A heat«Ioviog organism. 

Therjnostabile: HeaWesistant. 

Toxemia: Poisoned state of the blood due to toxins 
Toxin: Poison formed by bactena and other forms of life. 

Toxopbore: That portion of toxm which carries the poisoning power. 
Transfusion: Transfer of blood from one person to another. 

Tribes: A group of genera. Names of tribes end m eae. 

Tubercle: A nodule. 

Tubercular: Of the nature and form of a tubercle. 

Tuberculous; Used specifically in reference to tuberculosis and its etio ogic 
agent. (To be istmguisbed from tubercular.) 


Ulcer: An open sore; suppuration on the surface. 
Ultra; Beyond 


Vaccine: Lymph from cow-pox vesicles; a substance used in prophjiactjc 
Vector: Animals, especially insects, which transmit disease-producing 


oganisms. 

Vermiform: Worm shaped. 

Vesicle; A small blister. 

Virulent: Active; poisonous; infectious. 

Virus: An agent which may cause disease; applied especia y 
are filterable 


to those which 
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VirisecUon: Scientific experimentation on Imng bemgs 

Wort: Filtered moss used in fermentation or for the propagation of certain 
microorganisma. 

Zygospore: A spore resulting from conjugation of two gametes. 

Zymogen: A substance from which an enzyme ta formed. 

Zoophyte: A plant-ammal 

Zymotic: A germ disease; having to do with enzymes 




Abiogcncsia, 9 

Accessory substances and growth, 
2S5 

Acetic acid bactena, 402 
Aeetobaeter, 125, 131, 402 
Acctobactcriaceae, 125 
Acetone-butanol fermentation, 400 
Achromatiaccac, 141 
Achromatium, 144 
AchromobacleT, 131 
Acid-fast particles, 81 
Acids in disinfection, 248 
Acquired immunity methods, 553 
Actinobanf/us, 154 
Actinomyces, 120, 130, ICS 
Aclinomycetaccae, 136 
Actinomycctalcs, 121, 135 
Actinomycosis, 170, 470 
Action, of disinfectants, 237 
of enzymes, 203 

Active and passive immunity, com- 
pared, 652 

Active immunity, 550 
Acute disease, 465 
Adaptive enzi-racs, 297 
Adulteration of foods, 421 
Aeration, effect on bacteria, 225 
of sewage, 372 

Acrofeaefer acrogenet in water, 3t8 
Aerobic rc«pimlion, 272 
Acrobioais, 273 
Acslivo-autumnal fever, 193 
Agar cup plates, 251 
Ag» and disease, 502 
Agglutinins. 530 
Agitation, effect on bacteria, 223 

Agnculfural bactcnoloKy, 2'i 
Air, bactena in. 3X5 
cleaning nnrl di-Mnfcction, 310 
Air-bome infection, 4^ 

Airi'hn«-s in di«ev«e dissemination, 
4‘>2 

A/rofipincs, 121 


Alcohol and brewing cnzj'mcs, 301 
Aicoliolic bc\cragc3, 397 
Alcoholic fermentation, 331 
Algae, 41 

Alimcntaiy* tract, defen'o agiin.«t 
di'oase, SOS 

Alhaiies m disinfection, 2iS 
Allergy, after antitoxin injection, 531 
from foods, 4C0 
AHemana, 165 

Alveolar theory, protoplasm struc- 
ture, 5S 

Ammo acids and growth, 2S5 
Amitosis, cells, CO 
Ammonia-clilonne process m water 
purification, 351 
Ammomfication, 318 
Amocbiasis. 197, 471 
Amoebic d>-?coter>’, 197, 471 
Amoebobaeter, HI 
Amocbobactcneae, HI 
Amount of food, 2C5 
Amphitnchous flagella, S6 
Ainyla«cs, 293 
Amylo process, J5i 
Anabolism, 2C6 
Anaerobic respiration, 272 
Anacrobia'is, 273 
Anatomy, 52 
Ancylo.'tomia«i.s, 470 
Angtoroceyu, H7 
Angstrom. 7S 
Animal hiologj-, 4S 
Anicnal4>ome di«case», 492 
Animal cTpcnmrntvtion. ItV. 

Animal mrtaboIi*m. 2C7 
Animal p-ithntog>’, 21 
Animals, arrancement, 4S 
larg*-*t, 53 
Anthrax. 4^. 493 
Antil>io-is. 290 
Antihiotir >ub«tanrT«. 261 
.4ntil)o>lica. 522 


All 
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Antigens, 522 
Antiseptic, definition, 231 
AnUsenim, 524 
Antitoxic sera, 524 
Antitoxins, 524 
Antiviviscclion, 467 
Appert, food prcscri'ation, 13 
Application of enzyme activities, 298 
Archangiaceae, I4S 
Archanffium, 145 
Arnold steam sterilizer, 214 
Aromstic compcuacls, 277 
Arrangement, of animals, 48 
of plants, 40 
Arsenic in foods, 459 
Arlhrosporc, 91 
Artificial immunity, 550 
Ascomycetes, 45, 183 
Asco^pore, copulation in yeasts, ISO 
Ascosporulation in yeasts, 179 
Asepsis in food prcscn'ation, 418 
Aseptic surgery of Lister, 20 
Asexual mold spares, 153 
Aspergillosis, ICO 
Aspctffillus molds, 100 
Avenue of infection^ 510 
Avitaminosis, 500 
Azotobaeler, 126 
Azotobactcnaceae, 126 
Asporomyccs, 188 
Asymbiotic nitrogen fixation, 306 
Atnehous fiagclla, 80 
Attack of disease, immunity from, 
553 

Attenuated organisms in immum'ty, 
551 

Attenuation, by abnormal tempera- 
tures, 658 
by drying, 55S 
Autogenous bacterins, 563 
Autotrophic bacteria, 268 

Bacillary dysentery, 471 
Bacillus, 118, 120, 135 
Bacon, Roger, 3 
Bacteria, cultural study, 75 
in disease, 463 
in dust, 338 


Bacteria, filterable forms, 65 
higher, 45 
lower, 47 
in milk, 375 
in nature's plan, 43 
in plant diseases, 569 
• as plants or animals, 35 
in sewage, 304 
Bactcriaceae, 133 
Bacterial blight of beans, 575 
Bacterial enzymes, 257 
Bacterial extracts in active immu- 
nity, 566 

Bacterial fermentations, 400 
Bacterial infections, 468 
Bacterial metabolism, 267 
Bacterial toxins, 513 
Bacterial vaccines, 502 
Bacterial vini&cs, 65 
Baclericido, definition, 231 
Baetenas, 562 
Baeleroidcs, 234 
Bacteriological literature, 5S7 
Bacteriological methods of water 
examination, 347 
Bsctsriopbage, 65 
general properties, 67 
species and types, 66 
Bactcriophagum intestinale, 66 
Bacteriostat, definition, 231 
BacUnum, 118, J20, J34 
Basidiomycetes, 45 
Bathroom appliances, 483 
BCG treatment, 560 
Beans, blight of, 575 
Beer, 397 

Beffgiotoa, 143, 325 
Beggiatoaceae, 143 
Beijerinck, 27 
Bo’erages, 412 

Biological leavening agents, 411 
Biolysis of sewage, 366 
Bios, 274 

Binominal system, nomendalure, 
Biogenesis, 8 

Biological methods of nitrogen fixa- 
tion, 306 

Biology, of animals, 48 
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Biologj', of plants, 40 
DIacIc blight of oat^, 574 
Blanching foods for canning, 42S 
Dla$tocaulis, 139 
Dlaslodcndnon, ISO 
Bleaching powder, 239 
Blood, detection of human, 511 
Bluo-groen molds, 15S 
Boiling of foods, 421 
os sterilization procedure, 215 
water processes, 435 
Boils, 507 

Bordet's theory of immunity, 521 
Borel, 4 
Bone acid, 218 
in foods, 440 
lioTTclia, 148 

Botanical position of ^ca^ts 171 
Botrytu, 1&4 
Bottled water, 361 
Bottom yeasts, 190 
Botulism. 450 
antitoxin, 535 
Bronehiag of bnctpria. 97 
Bread fermentation, 413 
yoast, 393 
Bromine, 241 
Brownian movement, S7 
Brueclh, 128 
Bruccllcac, 128 
Budding of bacteria, 97 
Bumll, T. J, 29 
Butter, 3SG 

Butyric acid fermentation, 3.W 

Cabbage rot, 577 
Calcarca, 4S 

Calcium bypochlonte, 2'50 
Calcium Kilt«, 217 
Calmette, Albert. 21 
Camembert cher^c. 3'4,S 
Omdida, ISS 

Canned food*, keeping <iualit'. 4TO 
Canning of foot!*, 425 
Canning powders, 414 
Capsules, S2 

Cari)oh>dra«rs. 290 

Cail/ohyilrale »li-eotiip<>*ition, 331 


Carbolic acid, 212 
Carbon <vcle, 329 
Car6oxj/domono-r, 123 
Carbo^'lasc, 291 
Carbuncles, 507 
Care of food products, 446 
Carnets, m food contamination, 447 
infection b> , 479 
Carrots, soft rots, 579 
Catabolism. 266 
Catalysts, enzjmcs, 291 
Cauliflower rot, 578 
CatiiobacUr, 138 
Cauloliactenai cac, 138 
C.iulobactenalcs, 137 
Celery*, bacterial leaf spot, 577 
Cell. 52 

multiplication, 59 
nuclcu'<, 5S 
surface, mays and. 79 
(beorv. btslory* of, 53 
wall, 57 
birtena, $1 
Onfalctruh. 121 
Cells, amitn*is. CO 
bactenal. sliapc anil size, 77 
weigbt, 78 
direct dni'ion, 59 
indirect di\i«ion. Cl 
tjiori>liolog>*, 57 
l•laftl nnii animal. 51 
setual phenomena in. 62 
f’« /(Mfnmoiifls, 131 
CiUvtbno, 121 
(Vntra'onic, in cell*. 59 
in protozoa. 19.» 

O rtificsl milk, 37S 
Cliaraclcn*tics of rnr\mc rractions. 
291 

Cheddar rlicc«r. 348 
Clicc«e. 347 

Cbcroiral cbangM bv cnivric*. 249 
Chemical composition of bactena. 99 
Chemical Icaacning agrnt*. 413 
0.cmicat mcihol*. of nifrogra f.M- 
(loa. 305 

of water ctamination. 316 
Chmucats in food pre«en»!ioa. 429 
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Chemistry of protoplasm, M 
Chemotaxis, 229 
Chemotherapy, 250 
Chickenpox, 470 
Chlamydobacteriales, 136 
Chlamytlosporcs in yeasts, 177 
Chlaroydothnx, 119 
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